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^yty^yt-p (id 2 j^u^ti-^Tt 

lS»«±<D^tt*4 (2 1) 
*tt»|»ftflBW*«T»oT, 2J^±<£>t:-^5g 

^ffi«ftl:fiil, Eifl«©lMjft*«TIB©C I 

e) x = 0. 0 1 3 7Stfy = 0. 4 8 3 1, b 
) x = 0. 2 2 4 0R^y = 0. 3 8 9 0, c) 
x = 0. 2 8 0 0S^y = 0. 4 5 0 0, g) x 
- 0. 2 8 7 9My = 0. 5 1 9 6-, $LZf\Z h 
) x = 0 . 0 10 8 RZSy = 0 . 7 2 2 0 . frfr 

zmwmm- (s d a, xa«#« (4 n co» 

( B a 1 _ x E u x ) M g 2 A 1 i 6 0 2 7 < r 
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(2) 

m*m i ] 

mtm*-Y (id i, 2^±©e-^^7 , d&fi^*-r^) \mv,±.<D%mm (21) tsstmafifiiiBSii 

T'^T, ffiB2«±©e-*5fi#»fi©8ftC I Efe0E«rt»C I EeSit-Ei2fOS®rtl:fiiL, hubBES^ 
- - ©M*^TI5©C I EfeaE«**-r4#»fiiHWS«. 
e) x = 0. 0 137&tfy=0. 4 8 3 L 

b) x = 0. 2 24 0Rtfy = 0. 3 8 9 0, 

c) x = 0. 2 8 0 0K.tfy=0. 4 5 0 0, 

g) x = 0. 2 8 7 9Rtfy = 0. 5 19 6. M.Zf\Z 

h) x=0. 0108RO!y=0. 7 2 2 0„ 
tH*3S2] 

©sb. 

3 ] 

m&%%?-1 H (1 1) ©e-*5B3fc»fi#3 6 0~4 2 0 nm©«BrtK:»*. 2 fB*fc©i£B,, 

Miiftyty-f h* (11) #3 7 0~4 0 5 nmOftHrtfcK-^SSftiSfiS^rra I nG a NfgfifeU £^ti\ ffi 
t«*JS 5 ] 

SUIBX^ttW (2 1) ©«3tC I EftJS**«x=0. 1+0. 0 5 Rtfy = 0 . . 5 2 ± 0 . 0 5 W#JS 4 IB 

tost. 

6 ] 

mj2iffl£i(±<D»3t«^fo^c i E&mmtfc i EfeSHTcaja^cD^^ifrfigL, flfnaBaia^wM^^TK© 

C I Efeffigl^W W*3S 1 fB*£©gg. 

a) x = 0. OO0S.^'y = O. 5 0 6, 

b) x = 0. 2 2 4My = 0. 3 8 9, 

c) x = 0. 2 8 0SUty = 0. 4 5 0. Mtf\Z 

d) x = 0. OO0Wy = O. 7 3 0. 

immm 7 ] 

c 1 E&mmz^-rz^ w*«HB«©gg 0 

e) x = 0. 0 137Rtfy = 0. 4 8 3 1, 

f) x=0. 2 0 94Wy = 0. 3 9 5 3, 

g) x = 0. 2 8 7 9fttfy = 0. 5 19 6, MZfiZ 

h) x = 0. 0 108Ktfy = 0. 7 2 2 0. 

fWHBl«£t±©«3t«» (2 1) A**— OAMgA 1 O : Eu2+, Mn2+MMt*, AOTa, CaMS 

r©ia#±£^tf, i tzwwmw. 

[B#JR9] 

fflfBAMg A 10:Eu2+, Mn2 +f^!AMg 2 AI 1 6(>27 :Eu2+ . Mn2 + &3fcft&&&* A# 
9 0%&L±<DB a££tr. f»*JR 8 IB®©SB,, 
[W#J5 1 0] 

ISAM g 2 AI i 6 0 2 7 :Eu2+, M n 2 B a i - x E u x M g 2 - y M n y A I 1 6 O 2 7 

0<x^0. 2T*0. 0. 0 5^y^0. 5T'*I>, W 9 fB«t©gB. 
1 1 ] 

WIS 1 ««±©3B3fctt» (21) # 

i) EO*AIO:Eu2+, Mn 2+MfrSf, EHBa. S r RZ/C a © 1 ffijy. 
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(3) 

i i) EA 1 O : Eu2+, M n 2+^# (St«K EBBa, S r RZfC a © 1 «SU:££tI) . Rtf 
i i i) GA 1 O : E u 2 ■+, Mn2 (JC*, GteK, L i , Na&£^Rb©l MSX-t&cStS) 

12] 

HufBEO*A10:Eu2+, Mn2 + mytfctfx BaO*6A 1 2O3 : Eu 2+, Mn 2 SfigBE A 1 

0 : E u 2 +, Mn 2 (Bai- x Eu x ) Al 1 2 - y Mn y O 1 9 - 0 . 5y^*, fJfBGA 1 O 
: Eu 2 +, Mn 2 (K 1 _ x Eu x )Ali 1 _ y Mn y 0 1 i. 0 7 - 0. 5 y > W* 3 ^ 1 1 
tB«©2£B. 

1 3 ] 

WB 1 «tt±©*3t»» (2 1 ) A*. 5 0 5 nmJ:Qfifr>m0£-?£3fcttft£a-r 4SBl©S3fc#Rtf5 0 5 n 
mJ: 9*»ft2 ©K-i7 3E3tt«fi*«r-r-6*2 1 IB«©|£Bo 

[«*JS14] 

flMEJBl 4 4 0~4 5 5 nmOHlftlCiO, fufB?g2 ©tf-^fSfti£ft*< 5 1 0~5 2 5 nm 

©ISfflrtlC&S, 3fB«©£eBo 
1 5 ] 

tinnm 1 <D%x»mm (21) # 

a) AM g A 1 O : Eu 2 (SC*, AteBa. C aRZ/S r © 1 ffl£U:£-£tf) , 

b) DPOC1 :Eu2 + (5£<£> DttSr, B a, C a RtfM g CD 1 SRiiSr^tT) . 

c) EO*A10:Eu 2 + (5£<P. EliBa, S r RZfiC a © 1 «£LL£^tr) , 

d) EA 1 O : Eu 2 (5£4., EttB a. S r &tfC a © 1 «£t±£$tr) \ Rtf 

e) GA 1 O : Eu 2 (j^, GttK. L i . NaR^Rb01ia±5ttf) 
© 1 mSk±^fttt, 1 4 IB«©^S. 

mxm 16] 

miBm 2 (21) a* 

f) AMgA10:Eu2+, Mn2 + (iS*. ABBa, C aRt/S r © lSJJLh £"&ti) , 

g) EO*A10:Eu2+, Mn2 E\£B a , S rMCafflllW&ttl) . 

h) EA10:Eu2+, Mn 2 + (5^, EBBa, S r St/C a© 1 1£1±€§W . 

i) GA10:Eu2+, Mn2 + (jfcifi, GttK. Li, N aRtfR b © 1 *i£A±£-£tJ) 
©l«£U:££tr, ffi^qil 5aB«©ifiB. 

1 7 ] 

flffiAMgA 1 O : Eu 2+fMiiAMg 2 AI 1 602 7 : Eu 2+ (jS*. A«9 0%£U:©B a * 
huIBDPOC 1 : E u 2 (Sr, Ba, Ca, Mg) 5 (PO4) 3CI :Eu 2 + fflfB 

AMgA10:Eu2+, Mn2 + &ft#:#AMg 2 A 1 1 60 2 7 : Eu 2+, Mn2 + (^tf. Att9 0 %R± 
©B a££tf) mi IB E O * A 1 O : E u 2 + x BaO*6Al 2O3 : Eu 2 + flfllBEA 

1 O : Eu 2 +fitftfltft (B ai _ x Eu x ) Al 12 Oi 9 bubBG A 1 O : Eu 2 + (Kj- X 
Eu x ) Al nOn. 07 MfB 
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(4) 

EO*A10:Eu2+, Mn 2+s^ xBa O*6A 1 2 0 3 :Eu2+, Mn 2+£^*, fJfBEA 1 O : 
E u 2 +, Mn 2 +&ytfcj)t (Bai_ x Eu x ) Al i2-y Mn y°19-0. 5 y StJf2G A 1 O : E 

u 2 + , Mn 2 (Kx-xEux) Al i i - y Mn y O i i. 07-0. 5y^- 1 5 §21$ 

imxm 1 8 ] 

tGAMg 2 Ali6027:Eu2 + %tftftifi (Bai- x Eu x ) Mg 2 Al i 6 0 2 7 (Sf. 0<x^0. 
2) £-a^> WIB (Sr, Ba, C a, Mg) 5 (PO4) 3CI :Eu2 (Sr j-y-zBayCa 

z ) 5- x Eu x (PO4) 3CI (5£"t>, 0. OlSx^O. 2, OlSy^O. 1, O^z^O. 1) f) 
12 AM g 2 A 1 160 2 7 :Eu2 + &ft#3ji (Bai- x Eu x ) Mg 2 - y Mn y Al i60 2 7 °< 
x^0. 2. 0<y^0. 5) mfBBx BaO*6Al 2O3 : Eu2 + B ao. 73 Eu 0. 07 

Mno. 20 AI 10. 9O17. 2 £"a#-, iWf2 (Bai- x Eu x ) Al i2-y Mn y°19-0. 5 y&ft 
#tf (Bao. 86 Eu 0. 1 4) A 1 1 1 . 6O Mn 0. 40°18. 80 WI2 (Ki- x Eu x ) A 1 

11-yMnyOn. 07-0. 5ytW (Ko. 86Euo. 14> Al 10. 80>Mn 0 . 20Ol0. 
9 7 1 7 f2«©gBo 

1 9 ] 

ffjf2lil 1 <Dik%totfl (Bax-xEux) Mg 2 Al I6O27 (5£ + > 0<x^O. 2) ffif2S§ 2 <Dit?t 

(Bai- x Eu x ) Mg 2 - y Mn. y Al 1 6O2 7 (S 1 ^ 0<x^0. 2, 0<y^0. 5) £-atf. If 
Mm 1 8 ffiiROggo 

2 0 ] 

me ia£t± (21) a«, w\&&i<D&%&&um&w>2<Di8.%ft.*mzo 70-^8 : 92©a*tt 

m*m 2 1 3 

tfIf2mi©S7 l e#:<i:Mf2m2©®^#tcom»jt^l 8 : 8 2T^5, flt$£ 2 0 12«CDSB. 
2 2] 

[fflf*« 2 3 ] 

mtZW, 1 ©m##:Rtfl!(rt2Sfl 2 1 1>— ^*«2 aa±OS3tflc©^U> b*£^ti\ W*3S1 3f2«© 

SB. 
[|*«2 4] 

mi2»3ty-r^--K (id srJRgL&vx^ <n) 

mi2->x;i/ (i7) iwe**^'f*-H (i n t©wf=iB«snfc**A«^ (i9) t*$e>ic^AyT?t/»x, m 

12 1 aet±®5E3t**»** 1 ■^±<OS3tft:*^tt<i:*K:, 

a) ffllKS##a<JffllBfS3fc^'f K (11) OSffiCi*StlT^5^. 

b) ffl^«3fc#a*fflE«A*ffl. (19) «t>fctt«EUTJr»*36». 

c) NGt^AtMEi/x^ (17) Citsnxus. M*^ 1 f2«©8B<, 

2 5 ] 

Si8ef*»68&9j£» (5 1) *jR^-r-5^a«^«A'5v?>^ (43) t. mtzfsm&mmw. (5 d c«i*i:e 
s^ntz^mmmruyx (45) <t*ae>i::*tr, « 2 4 i2«roSBo 

2 6] 

e u 2 +m{±im*^tk&^nrzm^m \ w-t Mn 2 +ett^»j*^]ttttj$nfc»it***2 

© fcf- * 5E#Sfi £ £ U * , 1 !2iK©8Bo 

CW*3S2 7] 
A£->*>y (4 3) i, 

1 «±©1/>X (4 5) t. 

4 2 0 nmmT©t-^583t&fi«:Wr*tt*t« ( 1 ) <t. 
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(5) 

»fi«)*3tC I Efej£«**C I EfiKHTBSia«?©IH«l*lK:f£BU BufBIHffl^coiI^TtEcDC I E6J9S«*Wf 

a) x = 0. 0 0 0Rtfy = 0. 5 0 6, 
" b) x = 0. 2 2 4ROty = 0. 3 8 9, 

c) x = 0. 2 8 0Wy = 0. 4 5 0, W.ZS\Z 
. d) x = 0. 0 0 0Rtfy = 0. 7 3 0. 

2 8 ] 

mmmi&m (i) tmyty^*-* (id i*B2 7Bto«»i^i. 

[»*«2 9] 

BMfB2JW±C73tf-i7^ffiSC)^7 , d;C I Efiffi«*»x = 0. 1±0. 0 5 Rtfy = 0 . 5 2 ± 0 . 0 5T*5. 

3i 2 8 Ktto&ats nm. 

[f*l|3 0] 

iBliH±OJBIE«» (1) (B a i - x Eu x ) Mg 2 A 1 i 6 0 2 7**# 0<x^0. 2)t 

(Bai_ x Eu x ) Mg 2 -yMn y Al i 6 0 2 7 S3tt# 0<x^0. 2, 0<y^0. 5) <*:^r*t> 3 

0 : 7 0~*<J8 : 9 2 ©fi*tfc"PjS^Lfc^U > K*£tr, 2 9 teifcco£S«^«. 

3 1] 

j»Bm*Jt30«#9 1 8 : 8 2T'&&, 3 0 EttOSii^l. 

[«*3S 3 2] 

glO£-?8%tt£&rr«jgl ©«3tffl»*i»2©li-^583tJa[ft*#'*-*JI!20tt3tt#»*4:*«*l/T. 
C I E&a0T*Ea^cD^ftlC'(iB-f -S^C I Efeffifil£WL, t5l2£ia^©]l^TfB©C I EfiJSli£*'t- 

* cfc o w&%ft®*m.%m «-r z> is t , 

«iBm3t(w»*fi^«i (3, 21) *imu (i) cB*L/T#»e!«wsitrtKE«-r*xst*^tnif»fi!RW 

e) x = 0. 0 1 3 7Rtfy=0. 4 8 3 1, 

b) x = 0. 2 2 40R^y=0. 3 8 9 0, 

c) x = 0. 2 8 0 0&.tfy = 0. 4 5 0 0, 

g) x = 0. 2 8 7 9R£/y=0. 5 196, M.tf\Z 

h) x = 0. 0 108Rtfy=0. 7 2 2 0. 

mam 3 3 3 

mmitittm (i) tmyt?'i*—\ t (11) *^t». 3 2 ie«©^?So 

[»3R«3 4] 

tftiBfgft^'f si"— H (11) CDtf— ^563ttiSS**3 7 0~4 0 5 nm©®[Hl*ltC* 0 , WifBH^B^U^ (2 1 
) CDfgftC I Efi&&#x = 0. 1±0. 05Sl/y = 0. 5 2±0. 0 5Ta&5, S!#JS3 3fB«<75^So 
[W*J13 5] 

a) AMgA i O : E u 2 (iW, A«B a, Ca&t/S r <0 1 ffiJJUSr-atr) , Rtf 

b) DPOC1 :Eu 2 + (^ + , D«S r . B a. C a RZ>*M g CD 1 MUtZ^tS) 

co i aet±^e.a«sn4* 1 

c) AMgA10:Eu2+, Mn2 +m^f* ABBa, C aStfS r © l*£U:££tr) , 

d) EaO*A10:Eu2+, Mn2 (S^, EttBa, S r RISC a CO 1 «£U:£^tr) . 

e) E A 1 O : E U 2+, Mn 2 +^#: (5£+, EfiBa, S r RtfC a CO 1 aJJA±£^t?) . Rtf 
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(6) 

f) GMO:Eu2+, Mn 2 CSCf, GttK, L i , N a&tfR b © 1 8SU:£$ir) 

[«*3S 3 6 ] 

j»8B»10ai3t#t»*tMS2*2 0^3t^*i:*fi^-r*fflaaxS**. (Bai_ x Eu x ) Mg 2 Al 16 0 2 
• - 7 (jS** 0<x^0. 2) t (Bai- x Eu x ) Mg 2 -yMn y Al i 6 02 7 (it'K 0<x=§0. 2, 0 
<y^0. 5)<h£iK)30:70~*<J8: 9 2 ©S»tfcTjg£1-£ £ t**tr, ffi$9i 3 5 |E*W>#ffi. 

3 7 ] 

WE««Jt*«»l 8 : 8 2T*5, tt*3S 3 6 ie«(0*ffi„ 
[»*«3 8] 

me«3t^-f*-H (id ts/xji/ d7) rtcEi-r^ist, mm^^ji (n) cwaww (hj s^st 

[ff*3S 3 9 ] 

a) ^aB«3tfr*»*j8^«t»ai**tJ»»«€:((rlS»3tty-f*-K (11) ©SIirifL, ffiSBIBfltiK£ttJK 

b) ifflia&Atm (19) <f>Ctt&ft%flct»*a&<Ml (2 1) S»aES-&*IS. *Wi 

c) mft&ftftmmM'S®t®mt$ : <£tsmmwiZM&^x)i (17) ci*L, mi3»»«E*<6»s-a-ais 
zmiz^ts. m&m 3 8 8b*©#i*. 

[W#JS4 0] 

«H3S3t#«&*«^» (2 1) ©fg^C I EMS*iC I E6KBITIBia»©ffl*rttCffiltb, fflBIHiaJBOlHAa* 
TIB©C I EfiffiH*#t--5. «*^3 2iB«©?5i£. 

a) x = 0. 0 0 0Rtfy = 0. 5 0 6, 

b) x = 0. 2 2 4SI/y = 0. 3 8 9, 

c) x = 0. 2 8 0R[lty=0. 4 5 0, SfctftC 

d) x = 0. 0 0 0M*y=0. 7 3 0. 

4 1 ] 

mejHHSB (5i) ssfa«#«A«>5;>y (43) rtKEB-r*ie£se>K:^ir. 4 0 e*©;frte. 

[«t«4 2] 

I Efi*«*#-r«, «*«3 2IB«W^&<, 

e) x = 0. 0 1 37Wy=0. 4 8 3 1, 

f) x = 0. 2 0 9 4SOTy=0. 3 9 5 3. 

g) x = 0. 2879 RZfy = 0 . 5 19 6, MtftC 

h) x = 0. 0 108Rtfy=0. 7 2 2 0. 
[«f**4 3] 



[0 0 0 1 ] 

*«Wtt-«tefi3t!BW*«CWL. »3tt^-f*-H ( TLEDj ) d^SSclUSnfcSft^aSrafeJt 

[0 0 0 2 ] 

S 6583t LEDIt «»r W X 7° U -f ©/X -y £ 5 -f h Mtf IC 'hSW^'ffl 5 > 5 > ^<DRW&> iLTttfflg 

*lTt/>5. S . Nakamura fill. "T he Blue Laser Diode" 10. 4 if-. 216-221 
R (S p r i n g e r *±, 19 9 7 
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(7) 

) (-?-0lB«rt«tt«fflC«fcoT*MiBI»0-S8*»:-r) KIB«;£ftT^*«fcpK, fifefgftL ED 
#=LED©tti^®tC-b7 5 -y^ffiTt^a^^^-r^^itwi-pTSIifi^tl^.,, ft*. WfeL E D tt I n G a N#-l 
f#FILEDTi&0. &ft#«j£Y 3AI 5OI2 :Ce3+©tU ^A$sjjn-f y K l J0A7Jl'5-^A^-*7 
h ( ry AG : C e J ) Tab-So LED^&tttti3nfcWfi3tttt*3t#*filSUTSIfi**ttHiS-a-*. LEDi»6 
" - ttmSftfc*ft3tttt«3fcflE*aiiU &3te#*>SttHJ3nfcil63tei:ffi£3n.&. «*E#tt*S3t<l:3»63t<l:©Jge 

[0 0 0 3] 

L*>U tfeLED-YAG : C e S3tfr©efe3ttSI*S«ttRT©SBf St^TS. «<DffeLED-YAG : C 
ef3t#atU. *»3tfrE»-r*6 0 0 0~8 0 0 0 K©«Hl^&J«^e»SRtftt7 0~7 5 ©ASWfcSI&ffi 

ft (cr i ) £#Tseeatt*£r*. *a"rntf, ^©««©6sxttfiffi«ttH 1 tc^-rc i Ees0t6 o o 

0 0 0 0 K<D&WLm<Dffl(Dmti&)lW ( TBBLJ ) lCi8LTftIt5. ^©8f©fefi«ia. Mftte©/! 

[0 0 0 4] 

6»flW*tt*HWifi.<CR IOttRWfi^tfiLED-YAG : C e Slft#JIBWS«tt«*©JHEr&»©W*KttgA 

BBSI^fftf. 0<J;ttf> **©B*tt— 0 0 0~4 1 0 0K©&Bf*a©&MS£*-f3gB££r^ 3 — Dy 
A<©»gtt-«fc:CR I #9 0*±@*£fi£#tr. 
[0 0 0 5] 

IliCS-tMlgRtfCI EMiH K. H. But ler, "Fluorescent Lamp Phos 
phors" ('Oi'fryx.-TmiLX^mmm. 1 9 8 0) 9 8-1071, S^G. BlassefiU, "Lum 
inescent Materials" (Spr i nge r-Ver 1 agtt, 1994) 10 9~110H&i: 

■tz&Btmu era**, a. ^7>^o*gSE u> =aa-v ( e (b/t> -d k^s. ssf, 

Etefift&S, Atefg^iSft, TfcWR#©fifi0e. AXtfBBS»TJb4. B B L ±X «-£© i&miZ&W? Sfe&SS 

«. «£#K:lfcv>a63te££-f*>. CRIB, MMSBo^fittt^tttt^ciRfettioSl^aESS-rffiWWaft 

CRiaiOOCfLK 
[0 0 0 6] 

WfiLED-YAG : CeMft810t^--3©gf(t LED©&£t!7J (0»Jx.tt*, 7.^? MHH#$Mljfttf If — 
Hfg©A*> H^-v <y^"IS7&^McD*it^/hSftSffittW*#TSL ED^— ^©Jt^TSiiSns. tE^T, 

LED©fem*«0fa©/i7^-^-^e>-rn-s>. s sc, #soled©a'> F^wzftmmvv&ttis-z^T 

fe, LED©fb^t'LED{CTOP$n^«^ttma©ffi^e«TtlSvl<h*^«a&-2). infc L E D ©fitB^#fi>r 

e,©-rn#*#<&3£, ««©em*tt*ae era**. *#xtt**a*)&»o&efi) tn.*.*. 

[0 0 0 7] 

£btc. WfeLED-YAG : C em7t^SB©fem^«. L E D y >-fMmmiZ&.* \Z L-T^flHtW* 1 ^ BflfMK: 

©a^e 
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(8) 

> mxfotim-tgzt, ^>yag : c e&K&m£mi&?z%&LEDm*mm<Dm£K)±,'pti<tiz>. ztzt-y 

AG: C emXfcvn&ttiJjrfm^ZteZtzSb, L E D -^fttt^Bte^T^o TJiAS. 
[0 0 0 8] 

- - t^t, it^«:o»^ta^*cose<ofetB^tc^»^R«-rag^^gcTSs 0 tisled-yag: 

[0 0 0 9] 

tfeLED-YAG: CeM#8iH Wfi3fciS*fi3te£©#liWgH?-*An-»St>*-r. LEDte, 

sba* e ©^m^ &¥&&£b caiwr* t , &m«omiicwic^? tzytmt>mt>nz> . *mw\t, 

[0 0 10] 

[£91©8lg] 

#B9i©— ffi«IC«fcn«, **^-f*- Ft, »5 7 5~»6 2 0 nm©b:-^«3ttjSS*^r-r*SBlO«3t»»<!: 
. SlO^MtlWJ:^i!)4 9 5-^5 5 0 nm©hf-^^fi^ft«f 2©^M?ft, JB 1 Rtflg.2 © 
»>t*f»t 4 2 0-154 8 0 nm<D¥-?&%&&ZG?%&3<D&ffimt&$to&&ytmW$iWit>m 

[0 0 11] 

*B9!©»J<Bt8«C«fcfttf, 3«IH£t±oa[>£#:€:-&tre6*3l£S3t#^W> HTftoT. 3 6 0~4 2 0nm©« 
HrttClf-^ftg^#t-SA#tttMIC^UTm^7*^> FA^6Kai$nsa-fe7t^3 0 0 0~6 5 0 0 K©^I3 
l*J©fifi!t. 7 0*±@4CRI, 0 0 lm/W*±@««SifK*Wr-5ee*>t*3tfr^U>H*«a«$tl 

So 

[0 0 12] 

*Rwm\<Dmmz&mz, 
narnt.* 

SIOAPO : Eu2+, Mn 2 + (35 m, AteS r. Ca, BaSMgCDllHim) 

a) A S i O : E u 2 +m7t#: + , AttB a, C a. S rWMgCl «UUi£-£?;) , 

b) ADSiO:Eu2 (St. AttB a, C aRtfS rfflli£l±m, DBMgS^Z n© 1 «£A± 
£^tf) . Rtf 

c) A A 1 O : Eu2+fM (it*, A IS B a , S rS^CaOllRl^tl) 

©itt£t±^e.s*?$nsm2©m^<!:« 

d) AMgA 1 O : Eu 2+ ^ftVf (SCf. ABBa, CaWS r © 1 «£t±£^tr) . 

e) DPOC 1 : Eu 2 + CSC*, DttS r, Ba, C aRtfMg© 1 «£U:£^tr) . Rtf 

f) EO*A10:Eu2 EttBa, S rRtfC a©l tt«±£^tr) 

g) E A 1 O : E u 2 (it*, EttBa, S r RtfC a © 1 B£*±*^tr) , Rtf 
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h) G A 1 O : E u 2 (sS'K GfiK. L i , N aS.tf R b© 1 ffiJ^±£-£tr) 

. © l«W±*^jI&2*l<5fil3©mft#:<h 

[0 0 13] 

- - if%,W<r>m<nmmz&mX, H5 7 5~I56 2 O nmOt-^^iSl^tt^lCW^St, i&4 9 5~*U 
5 5 0 nm©kf-i7^^*€:#T-g>S2<D^#:a*<h. ^4 2 0-84 8 0 nm©e-^ft&ft£W-rS!il3 

[0 0 14] 
[feajoHiSO^] 

5tffatRT©iBiH^*#*-rntf, gBoiii^&^ssjg^D-fex^ij^s^iii led©*^. leds 

*5S9!#«ftt, «t#>fjli-fg^^«©feai^*^WjS (*!*.«, LED) *5»BSftSttOW 
©fetti^fiLED©*^ M>H**yy«RtX»3tt»»K«fct>T**fcttSeftb«:l». r$83fc#»j <hH3ffl»tt 
[0 0 15] 

8«A»6»tn$n*afe3tA«**t« (mx. a, led) *»6»a$n4**opis*»&**ft*tn«. ^a©&ffi 

*tt«3ttt»©JP5»CJ;oT#*Ktt*fl:UJS:«r». fct, (fljttf, SftflO SrS^-T-SL EDSScW©* 

[0 0 16] 

ix.H AfH©BtCtejl.x.&</>3 8 0 nm^T©&ft**-r-5SI^ (UV) ^ftaiT-S ct 5 L E D 
**M6Ttttf«fcV». AHOBa»fi3 8 0~4 0 0 nmOSin»»tf8fi4 0 0^4 2 0 nmOjfiftJtCtt 

SSifttfiTft^. fct, LED^e.^tHStl-5»[W©iS«*i4 2 0 nmKT©i?tt, L E D ^ 6 SJctii S tl-5 
»*««3t#*aii-r**»g*»*Wtor, LED-S>t#:8BOfettl*«*KW«:l5#*«^<JS:-6. cnii, ife* 
154 2 0 nm£ilTOift»ttAW©BCttHtA/^il»:^fc«)T?»*. 
[0 0 17] 

Wilt LED*t4 2 0- 6 5 0 nmOWSJtSStffitSS^I;, £##©/¥ S*^B©feUi* 

sc-r^frTf**. fcfc*L> *«©ftm*^o!)ijw*Hai-r*i©^tttt^itiTtt**3ft», ««©m*asp*«Ta 

[0 0 18] 

±Bnfnottt). ««j^6iittian«^a3tofitt*6«6ffl'r*«3tt«»o«aic<kff-r*. ^:t*, led- 

[0 0 19] 

2 8*£Ui©£3tt#£f£ffl-f-5;:i:-e, Se7 , c:©fi#tt^3fa©feA^^-^-{cig^-r^<i:5tC^b$-t± 
S^r^jKb-r^Ct^T^-So 0ijx.«\ ««Tltt^3 0 0 0~6 5 0 0 K(DMS, 70$1@5CRIS 
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fc«fcl>. 777->a7-f hffltltll 4 0 0 0-6 5 0 0 KOftiW bl>. giJftiLT. 

iTSSL^3 0 0 0~4 10 0KOfflS, 9 0 4±@4CR I 0 0 I m/W$±|sl5aiS^t^6fe 

[0 0 2 0] 

- - *389J#«?tt. &5 7 5-6 2 0 nm©jefflrtfct-^563t«**W-r*SBl ©«fi«3tS>l£ft:. #94 9 5 ~» 5 5 
0 nm<Dmmto\ZV-25&ytft&tt , t&fli2<Dna&9iyt&%ft. Rtf»4 2 0~#<]4 8 0 © \L-V ^Tt&fiSrW 
. T5fi§3©lffefgftiift#:£0fffl-f «*#tt£ne>©«£3E3t*aS3fc<!: LTiatSu <h SrjLfcti L/fc. £6 
I:, RHSBOCR I »6 2 0~»6 7 0©K-^*3ttK***T4*4©jpe**at3t#fett*fK 

[0 0 2 1] 

H2tt±BO*«*«*fi5K»T. 0 2T11 LED©«k'5a:ttStjBl^e>»ffiSnfctt*t2 3&«, 3 
13 (fflAtf. ±K©«fc3fc*l, 3§2&tf!f§3©mft#:) CA»t5. ft*t2te. AmcDBOTBttfebWRft (Mx. 
tf, 4 2 0 nm«T©fc§:) £*Ltt*. fflttTtt. ffifttt 3 «#«©»» 2 ££#flea93-fr&b>8ft0JP3€ 
*fb#£. A»Ltttl*2*KiRb&a, il Of)e«J5 7 5~6 2 0 nmO«il'ql:tf-^MSfi4tt5g 
fi3te4*SHiU ^2©m3te#«4 9 5-5 5 0 nm<Dm.mto\Z\Z-i7 9&yt&&&ti-r&1t*&yt5&Wimis> SI3 
<r>m%mt4 2 0-4 8 0 nm©!6BlrtChr-i'«3t«fiSWrs*63t6S«cWr*. «40*3t#:**#ffi-r*« 

6 2 0-6 7 0 nmOl6Hrtfctr-^3e3t«[fi*«-r**fi3te7*ttffl-r-6. S^#8«, «fi3tt4, 
5, f M 6 RtfttS S^raiM 7 ©t^t€ SM 9 illWS. S2I1 jgfe©iR*S«*-r*fc«). » 
&-5£©3t4, 5, 6S.^7*igiJffi©m^#:®«*^^*-r-5^<t*^iCe?)(C*-r. tfc*b, «-^3tft:$:Ji-&bTm 
-Ofi^«3t#)B 3 S^-Tfttf. 5t4, 5, 6 3aL^7**ra-«*&tf/Xtt*3t#^fr*^ttasn*«t"5»wfe* 

o 

[0 0 2 2] 
[0 0 2 3] 

i. mm 

HLEDi>6ft4. fc£U ftttiS 1 tt&yty >7Xtti«flE*«fl"'t>©*8&£ © ^*VH^5X7f f X^H 
^fflNe, A r Rtf/XteX e &£©ft#X^£&-5 *>©Tfcck^. 
[0 0 2 4] 

ft MzS 1 \t . 04 X L E D *» 6 mm 2 tlfctk W 2 Alt L <h € fCitftft 3 6 8 (C 6 < ^ « * 

W9*»a$-e-*LED*»e)ja:* , boT*n««t^. LEDttltl i i-v, i i-vixbiv-iv 

U 3 6 0-4 2 0 nmO^SfiSttS^^-f^-Ki^aSfeOTiK Mtf. LE 
DteGaN. Zn S eXHS i Cf ift^Mif 1 6l±O^S#i4ttffcOTfcJ:U. $&. mS^JSbT, 
LEDHMS«l*ll: l«±©a-?#F£37u"T?^T ! bJ:^. »JKB, LEDOffittiSBGaN, AlGaN 
Stf/Xtt I n G a n 5 &•& P - n»^Sr#ATt^T ! b«tl/». p -ngS^tt, it^lE h'-T" I nGanl 

Xtt 1 £Uh© I nG a n»^#FTB!giLT*>«fc^. LEDtt, 3 6 0-4 2 0 nm©W- $f£L<«3 7 0~ 
4 0 5 nmfiD», L < « 3 7 0 - 3 9 0 n m©^Hrt Kfgftifcft £W U#-S>. fefc'b. SE3fc&fij&<4 2 

0 nniiHSHLED*, L E D^£©i*ffiftrt*l:7fc#:&fflj&L&^ <t otimZ <DJ>IL^1kft.fa tmm ltt> <fcl^. 
tfiJxJi*. LEDB3 7 0, 
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3 7 5. 3 8 0. 3 9 0XB4 0 5 n m© «fc 5 L#.2>. 
[0 0 2 5] 

*w#**^-f*-Ho*iciRj6anftir>. tt»»ttu— y-^^-KXtt***^^^— k (ole 

[0 0 2 6] 

2. g l ©jift& 

H 1 ©fSfttt&fci. ttWSl*»&©A»;R#2K:£<5LT»5 7 5~I56 2 0 nm©e-*»3t«fi«:#-r*l»r«# 
*ttWr*»5tt#T*n««tV». ttWBl #3 6 0-4 2 0 nmOttfflrtfc L ED*>&&* 

»l©B3fcft:tt, 3 6 0-4 2 0 n m©BHrt£l^-* A»ttBfc*fLT 5 7 5-6 2 0 nm© 
BBrtfcK-*»#»*tttffc»^«»aBBfttfB^*fc*T*tt» 

[0 0 2 7] 

JfSKH ill ©Igrft&teAPO : Eu 2 +, Mn2+ (^cfi, AteS r, Ca. B aS^Mg© l ««±£$tr 

m7t#:A2 P2O7 :Eu2+, Mn 2 *^5t^H. (Ai- x - y Eu x Mn y ) 2 P 2 O 7 (5$ 

f. 0<x^0. 2, 0<y^0. 2) tt< li^ff I.. $?£L<«. AttX hP>f f Mt>Tfe5. £© 
B3fc#tt, LED*>6ttfflSft5 3 6 0-4 2 0 nm©BBftK:li-£»**#?**AW»BK:#LT»^BBB^ 
tfBU»«fiftB**rr*©T, LEDftJtKIBtLTffSl/^. giJ&iLT. B 1 ©«*#»4A 3 P 2 O 8 :Eu2 
+ , Mn2+ (5^ AttSr. Ca, B a RtfM g© 1 «jy.±£-a tf) *>6&-S feCffci^. 
[0 0 2 8] 

E u 2 M n 2 + £ H-^Lfclf D U >S7JW U ±B**B»Jt<*:Ttt. E u -f tt— BKBBSJ t L-Ttf^ 

K«fcoTjaigttBI::K«>S;H. A-f :t>#*S r-f ^->*»6tt*t*tt»5 7 5 nm*6 5 9 5 nmtTtttStf- 
£j£5£fct?lI©j£l,V&fcl*A> KSriSctB-T-S. S'J&tLT, A« 5 0 ^EJI/%© S r -f L 5 0 ; t>/l/%©M g -i * > 
A^&S%CDiU APO:Eu 2 +, Mn 2 +%Lft&tfm6 1 5 nm©^^^^ -5 S rMgP20? : E 

[0 0 2 9] 

3. I2Pa^ 

B2 0383t»»tt. SScWiKl*^©AW»C*t2tC^LTlD4 9 5 ~*U 5 5 0 nmOfcf-^BJfcBftStf-TS^imft 
£ttffl-r*B3fc#T*tttf«fc^. ttt*»l *«3 6 0-4 2 0 amOBHrtC t:-^B3tBfiSrWf 4L EDA^ft* 
i§£, %2<OfH%mt> 3 6 0-4 2 0 nmO(6lrtl:i;-i'»fiStTSA»*»l:*tl/T4 9 5-5 5 0 nm© 

tf«fc^. Tsfi©3a»©Eu 2 +fittft^<S7^A U±S&IW£Rtf7JUS >B7># U ±Si&JBi£Si:ft 

[0 0 3 0] 

a^-sabt&ro-ote, ~m^u\d^L.-n^mt^ntz , r^mT)vt> uia^iJStTtfrAs i o : e u 2 + (5$ 

AttBa, Ca. S r g © 1 a^±£"£fr) T"ife3„ b < «, AS i O : Eu 2+ M#lifflfiEA 2 

S i O 4 : E u 2 +£WU A«# 
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SKS60%Ul±©Ba, 30%J^TCDSr, Rtf 1 0 %WY<DC a**£&5„ A^'B a XteC a frbti 
S^CDti-^^^Rft^^ 5 0 5 nmtiS. A*SSr*^«l&, iiftte© 5 8 0 n mT 

fi^T< fiJrScDtf-^ A««fc#£ L < «B a -Y :*><0*3ifcW;l'>ScDC a Rtf/Xte S r 

-f :*>£-&trB a-i -tyfr^tzz, 

' - [0 0 3 1 ] 

. mt ( (Ba, S r, Ca) i- x Eu x ) 2 S i 0 4 (S*, 0<x?SO. 2) tWt< dt^T'^S. >TimT)\> 

^yyy^Mt^ (Mx.\f, BaF 2 XttEuF 3 ) frSigALfc -y f^T^TfciK 
[0 0 3 2] 

^(Dte©-«^^Plf^AT1§tt{t$nfc^^KT;i'*U±»#g|l&^:7 l d*ADS i O : Eu 2+ AliBa 
. C aRZSS r(Oiati.Ji DteM gS^Z n <£> 1 ^±£-3- if) 2 CDS7Bfc<b LTiILT^£. Sf*b 

<«. ADS i O : E u 2+^mtm.^.A 2 DS i 2 0 7 : Eu 2 +£^3. #|B^S^&<Dfc!-^?g}tjgfiS. 

[0 0 3 3] 
[81] 





A 


D 


A 


D 


A 


D 


A 


D 


A 


D 


A 


D 




Ca 


Mg 


Sr 


Mg 


Sr 


Zn 


Sr/ 
Ba 


Mg 


Ba 


Mg 


Ba 


Zn 




535 


470 


470 


440 


500 


505 



[0 0 3 4] 
[0 0 3 5] 

(Ai-xEux) 2 DSiO ? 0<x^0. 2) t»< C ^r-f U±BI*«tt[* 

(0!l*.Mf> BaF 2 X(iEuF 3 ) ^ i bEAl/: / >1^7 y i^^T^Tt^^o 

[0 0 3 6] 

z:«:i£d h!^ATflH±{b$nfcT;i/^ >g£7;l^ U±a^IiS*r*AA 1 O : E u2+ (j£4>, A«Ba 
, S r SOSC a<D lttJK±$:<afr) fc*2 UTffl^a©fCjBUT^»*. SfSKH A A 1 O : E u 2 + 

SlftftttfajftAA 1 2 0 4 :Eu2+^WU, A«5 0 %H±0S r*>e>&!3, ff^l<«8 0 %£U<Z)S r Rtf 2 
0XKT©Ba*5ft*, A^Sr*6ftS»^ S3tt#(OK-^583ttt*tt«5 0 5 nmT»*. A*Sr*6ft 
*g7tfrOh 0 ~^fg^fite^5 2 0 nnn?**o A^Ca^e/^S^, Mft«e-^l»fi(ffi4 4 

[0 0 3 7] 

fijfcfctt (A i - x E u x ) 2AI 2O4 0<x^0 
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. 2) ti<itjj«-e*4. 7)vs.>m7)Vij'j±m±mi&mftmt j e<Dm<o^K.V3Rzf\ t -^>b 77 

[0 0 3 8] 

=LOU^Oh.X^mt^txtz'r^m.7)Vti^±m^m^1kftmt. G. Blassel, "Fluorescenc 
' - e of Eu 2+ Activated Silicates" 23 Philips Res. Repts 
. , 1 8 9-2 0 0 (1 9 6 8) <.*<Dmmft®imm\Z&?T*WM&<D-&&ts.1r) lCi$SBIK!B«&2*lT^S. 
- i^Dtl'SATSttftSnft?;^ >R7^#'J±SHfeJWfi£##tt. G. Blassel, "Fluoresce 
nee of Eu 2+ Activated Alkaline-Earth Aluminates" 23 
Philips Res. Repts. , 201-2 0 6 (1 9 6 8) (-€-©i2«rt§«gffl lC«fco T#BjjjjS#<D 

[0 0 3 9] 

>ttf MA^aSfcCTi^TfeJ;^. 12©M#:(iAS i O : Eu2 + iADS i O : Eu 

2 + £©&£-&, ASiO:Eu2+tAA10:Eu 2 + AD S i O : Eu 2 '+iAA10: Eu 2 

+ <h©ffl-&-ti\ $WAS i O : E u 2+iAD S i O : E u 2+ iAA 1 O : E u 2 + ©ffi-&-trT«fc^. ±IB©S 

[0 0 4 0] 

4. mz<Dit^ 

*3©563fc*mtt. »IWilA»e.OA»iklt2fcje«fbTtt4 2 0~*tj4 8 0 nmWtf-^^iSSSrWfS 
*S(ttlt5ffi3tfrT»naj:t>. ftltiS 155^3 6 0-4 2 0 nm©$gHl*3fC tf-^^fefi^W^^L ED -5 
SI 3 3 6 0-4 2 0 n m©^Bf*l fc i£S£Wr*> AWfefcHCtt LT 4 2 0-4 8 0 nm© 

[0 0 4 1] 

4 2 0-4 8 0 nm©$gHF , g(Cfcr-^^z6g*W-r^m3©^7t#:©-0iJ«> Z«a^De!>AtSltftSnfc^ 
aU>SSS3tftDPOC 1 : Eu 2+ (^4., DttS r, Ba, C a S.cKM g © 1 W£K±.^t5) T^S. DPO 
CI :Eu2+t»t mm#3\Z\^mt3. TSECAJ IgftteD 5 (PO4) 3 C1 : Eu 2+^f,ftSO*W 

«, X Yuy^V k,^ £.m<D7 )Vft i )±m&M4 t.<r>&mzi&VX^t^%. D^S r -f :*>©*70> 

tf-*5»fcSfttt4 4 7 nmfW. S r -f *>*B a'f *>T«*'rn»ibr-^563t**fi«fifl!lfC»»b. 

5 r-f :t>£C a-f *>T«lftTntflf-^563t**fiiftfifi!J^»»-r*. 5 =&;KD S r -f *><D 3 *> 0 . 5 
€^&0. St^CCa-ft^tfttlx!:, lf-^«4 5 2 nml;Pt§. ltWSr-ft>JO. 5t 
JKdCa-ft/SI/0. 5tJK0Ba-rt>ti^ni:, kf-:?S8ftte4 4 5 nmfcgHJrf *. » * Ll/> 
SECAS3t#Mtt (Sri- y - z Ba y Ca z ) 5 - x Eu x (PO4) 3 Cl (5£<P, 0. 01^x^0. 
2, OSySO. 1, Oiz^O. 1) TifcO, L^lf-^iMfili4 4 7~4 5 0 nmT$.5. 

[0 0 4 2] 

4 2 0-4 8 0 nm©^H^ltCt:-^^^jSfi<&*1"-&^3©«7ti*:©SiJ©CT«« — tiG.^ □ tf ^ATfStt-ft^ tlfc 
TJR^yjWJilillfTtfAMgAlO: Eu2+ (^«K DUB a . C a RtfS r © 1 SJW±£#tr) 
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#tt«*fcv if 7JP5 -^ARy^StW^Uit^U TBAMj ©^SsTSSSRWlCA^-rS^i^T* 
-So #J;U£, jf$l/V>BAMSMO-Ol4AMg2A 1 16027 :Eu2+ + , A«9 0 %Hl©Ba<t 
>ftfrtr©**ff*LH) tKOLt^Tt*. :Ofi3t*tt«JS(Bai. x Eux).Mg2Al 16O27 + 
, O^xSO. 27*0. $?i;L<tex=0. 0 giJftiLT, BAMHtMB aMgA 1 i 

' 0 On :Eu2+$$n„ BAMMftH A©tS^gB(i(C E u 2 + &ttfcfl|;0t#£-r«fcti>. «4 5 0 nmC 

[0 0 4 3] 

4 2 0-4 8 0 nmC5^HrtlcH-^5g^!S4*#-r^^3(Om3t#©S'J»^J«. EO*A 1 O : Eu 2 +^#, 
EA 1 O : Eu Z+i^R^/XHGA 1 O : Eu 2 +M# + . EttBa, S rS^Ca-f^/CllW 
GttK, Li, N a&tfR b-f *>© 1 S£U:£^i?) A^M^nsrtfa^a fc?'7AfiH44'fc7Jl'5 > 
K&3bte#£-£tr. JfiKH EteO- 1 0 %©S rX«C a-f 3f">T@ifeSnfcB a-i jr>frt>ts.<0 , GteO- 
10%©Li. NaXBRb-f *>TB&£nfcK££tJ. 4f?£L.<te. EO*A 1 O : Eu2+f»Jz (B a 
O) *6Al203:Eu 2+Xtez (Bai_ x Eu x ) 0*6A1 2 0 3 (jS*, l^zSl. 8, O^x^O 
. 2) £-£tr. EA 1 O : Eu 2 + B##B:B a A 1 j 2 0 i 9 : Eu 2 + x« (B a 1 - x Eu x ) Al 1 2 0 1 
9 (5*;<K O^x^O. 2) L-<^. GA 1 O : Eu 2 +i)tft:|JKA 1 nOn. 0 7 : E u 2 + 

Xtt (K 1 _ x Eu x ) A 1 1 1 O 1 1 . 0 7 <3£*> O^x^O. 2) LH. EO* A 1 O, EA 

1 ORtfGA 1 O^Ttfttt, KT(0##5tfflE : A. L. N. S t e v e 1 R^A. D. M. S c h r am a - d e 
Pauw, Journal of the Electrochemical Society, 123(19 
7 6) 6 9 1, J. M. P. J. Vers tegen, Journal of the Electrochem 
ical Society, 121 (1974) 1623, MtftCC. R. R o n d a&tfB. M. J. Sme t s 
Journal of the Electrochemical Society, 136 (1989) 57 

[0 0 4 4] 

#«9i©-t6«-e«, * 2 extt-*©te©f»t#tt£»»b-r*fc«>. BfaicjsuT. seca, ba 

[0 0 4 5] 

tt«/5£#£LT©?B4©«ftf.fflte, Sm«.l*>S©Aj*ttS*2fcfc£LT*&6 2 0-156 7 0 nm©tf-*$B#» 

1 £&#-rsfc<s!>, »1. SS2Rtf»3©»3fc*fc»il0LTt>«fc^. CR I SM#A^OliTT*©St»fe* s a# 

m^<D&&ye\tmm^<D&&yt\z-&tft-3<. mmmi*^ & o~4 2 0 nm©«6Hi*i ice-* 

nLED*6ft;5i^ I2<DM#H 3 6 0 ~ 4 2 0 nm©ttHl*9»c£-£»**Wt* Atttt»K*tLT 6 

2 0-6 7 0 nm©^Hrt(Ct°-i7^^K*Mt/tC^^li!SSR^S^a**Wt-SSISW^A^^^^^A^ 

[0 0 4 6] 

#j;U£, 7J^ayjl'-7rOAlItMH7)l'tDy;i/?r^Al7y*y!?AMftMgO*MgF * G e O : 
Mn4+ (ffJKH, SHM(CA^oJ*^J:3. 5MgO*0 
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. 5MgF 2 *Ge0 2 :Mn4+f») £"&tf*> (AT Cl©3tftfls:tt. 6 2 3 ~ 6 6 4 nm©|B]K£fiT 

[0 0 4 7] 

6. %fttt:/U>K 

a. c:n6©*3tt(*:tt^K34^u> K**-r*<t5»cs^$ns. :7>>h* &3te#©ii*Rtf 

, ffl^sntttts©a»cft#-r«. fcseu sei, jbs. Rtfffisjaa-©* 4 t3e#*6©»* 

[0 0 4 8] 

MffitUT. SSI, SS2, »3, RtXtt*«»O*4<0ffi3tfrHttWiRl±C»l«Snfc8U«OJi*^t - Cit>T^ 
[0 0 4 9] 

T$tr3fc&, #ft7S5«fi**«316*©.Jt*tT»fTt>J:V». abte#!7l<'> K©CR I £H«>Sjfc«>, *6$fi3te« 
ft#©<fc 5 ftg 4 ©mft&S: 7> > h* Cj&jbD L-TfeiH. 
[0 0 5 0] 

*^BJ©mi©»^L^8itilC^-S^7 l e«:yu> F«, »*b<tt3Safi[±0»3t#*$*, 360~420nm 

<nmm^z\d-^^m^^^x^m^x^mmnMizm^vxm^»y'u>^A^mih^n^m^it3 o o o~ 

6 5 0 0K©«SHrt©6fiS, 7 0S±SSCRI, K.tf2 0 0 1 m/W£±|Hl5£li5K£*"f 5. $e>l;:$F*L< 
tt, :7V > H©«S8fttt2 6 4 1 m/W£±|5]9, &U&.lt 3 3 0 0 ~ 4 1 0 0 K©^H(*3lC^-5.„ gfcjff*b<« 
, £l!SSte2 6 4 1 m/WSr±[51S < , 
[0 0 5 1] 

*»9!©S6l©#3^^IB«K:«*#3:L^S5l. »2R^?B3©m3t#:«. **UPtilf n U >»X h n >^«7A, 
^<BE7;i'*'J±a&*aiR^SECAT»-6. SB 1 ©JffSLUfcfcKf&S:/^ K©»J5Ktt. i&5 5~#<j7 5SS 
%©S r 2 P 2 0 7 :Eu2+, Mn2 ft i l ~ft 2 2fi»%© (Ba, Sr, Ca) 2 Si0 4 :Eu 

2 +»3t#. fttfftl 3 -ft 2 2fift%© (Sr, Ba, Ca, Mg) 5 (P0 4 ) 3 C 1 : E u 2 + :U}fc#;£^£r 

o 

[0 0 5 2] 

*f&W<Dm2<Diffl£L^mm\Z%2>mCR 1 <D&ytfcZfl'> Fit. 0SL<tt4ia£Jl±©f^^. 3 6 0- 
4 2 0 ninO«[HrtlCbJ-^****-r*AI*tti*Kifi:#LT*3t#:^U> K^SSfcttiSn-SSfiftte 3 0 0 0-4 
lOOKffltlrtOMS, 90$±@5CRI, 0 0 1 m/W^±|515gia§f f5„ $ <=> C: g; L < « 

. :/U> K©H!®ftte2 6 4 1 m/W£±|iI9> fefiS«3 3 0 0-3800 K©l6ffl|*l(C$)-5>„ 
[0 0 5 3] 

*f6WO«2<D»SHri«S«C«a»*Hr»Jgl, *2, ^3S^4«f)t#lt ^tVftltfa <J >g£X h □ >^ 

Cil.7'l/>h'©Mlt ft 1 1 ~ft4 3fig%©S r 2 P207:Eu2+,Mn2 +^fls:, 9 1 511 
%© (B a, Sr, Ca) 2 Si0 4 :Eu2 ft 6 -ft 1 4fifi%© (Sr, Ba, Ca, Mg) 5 (P 

O4) 3 C 1 : E u 2 + Rtfft3 0 -ft 7 1 fi*%©3. 5MgO * 0. 5MgF 2 *Ge0 2 : Mn 4 + 

[0 0 5 4] 

fc£L, ±E©ffi3t«c©f^0C. *^tt±E©SJtflst=JPAT. W3©h!-?5BftKfi£WTS^©to©£3fcfc«:fl[ 
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4 nm&tf 1 4 7 nmWtf-^feS**i-^AWttWtCMbTitS^«^SR^i65^»^^^#t-SS^$^n-? 

KfiSWU y^Xvf-f ^^H"7©X e -/7XvM« 1 4 7 nm©e-*$83ttStfi£WTS. 
[0 0 5 5] 

- 7. 

[0 0 5 6] 

JM*»*SftfcU — 1**1 3£^tr. U-K»l 3lif l/i'J-K71/-Al 5T?tJ#Snfca«)!i^!S;5feOTt)J;l'> 
[0 0 5 7] 

LEDf'^l l»yi)H 7©rtg&fc£fA£ft, yiJH 7 ttLED^y^fttfitAWttl 9 £Htf. $r£b<« 
, »A#»tt»***ttX#*5'»»&»Sfc*. ->x;H7«, WAtf^^AXtt^A^-y^TJ;^. »A*T»« 

O^Wi'iiH 7SSt«t5l:bTt)J:K LEDfy^llB. U-F71/-A15, g£tt©3H, 

[0 0 5 8] 

JBWgS«©«i©»*U^«liStt. »1. »2. i3R^ftt^Of4Cf^6ft4f3t#i2 1 *£tt. fit 
ft#J12 1t;i, JB1, 12, 1 3 Rtfff SfiK »Ol 4 Of Mftt^M L E X 1 1 KfctfUT 

^©^Tt^BXttftlK 2 l**fifcf*. xi)H 9telvfttt>> 66^2 3 #11*1 

[0 0 5 9]. 

04n *«wojBi©»*uv»*ifc»i8c«*it«ojB2<D»*b^«jfift3St".'LED^y^i i ±\zmyt&m 

*»SE"r*«0KS3tfl:»*S»A»»l 9 ©rt*fc«ttSttfcji**Kitttf, 04©«j§«l]3©t>©£:RbTi&% 
. £ 1 CDttttttt&TlStt. »A»»1 9©*-*«rtK:ltfta«*Ci:'bT**L., *t?tt»A«»0*fls«lfctofc-3 

bT, 351, S2. Sil3;Rtfft«J&#©fg4©ii: 3fc#*>S£SHra<BS3teft«2 1 fc#A*m 1 9 *lC»AbTfc<fc 
A^&fifitTia, »3tf*:li2 lttLED*»6ttW$nfctt*t2 5*©iRL, ^niCJ&SLTfifift 2 3 £ifcfcB-r 

5. 
[0 0 6 0] 

0 511 *«WO*10fi : *bl'»*lfi«l8C«*S«0*3©»*Ll»«liB**'r. LEDf 77*1 1 ±KflMl£#H 
0K. II, 12, I3Rtfttf^OS4 0f 3tfl£*^trS3tt#:Ji 2 15xi)H 7 JitC^SJc bfc.& 
HI5©^jfittllI3©t)©<h|s|bT-^?>o S3t#»2 ltt->x;H 7©rtffl»CJ^(K-r«©*«fl t *H/»*«. R/f 
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T, £##JI2 1 Sr->x;KD^HJ'^fi£lxTtxtVi. f)t#I2lH •>i;K04*ill:»f£l/tt)J:lr>l/. 
•/iJH 7 ©^©ISglSW.^-t'fl^LTfc.fcl^. 
[0 0 6 1] 

[0 0 6 2] 

*J«»©JB4©IS3t{*:3^63S:*«3tt#:*l)t3 5£7>:/#A--3 3 ©31® (#£ U < «l*lffi) STfc, 

>^3 ltt7>yn#3 7MS3 9 &£&©*<»* LH. 9 3 3 tt. |&S3 9 KfflbOSnfc«ffifc* 

[0 0 6 3] 

*«9J©*3©#i:b^*i«»l8K:J:ftHt. fSl. «2, S 3 Rtfffi6i«#©SS 4 ©*##«&*«, ^X^X 
7'U-f^BS:-&tJae3tflgWSBfil'iSB$n-g). S. ShionoyaStW. M. Yenl, "Phospho 
r Handbook" (CRC Pres, 1 9 8 7, 1 9 9 9) 6 2 3~6 3 91 (^0fSf rt§ttgffllCi;o 
T*9J*ffl#©— ) (Cie«$nTl/^^B©J:^^ACX«DC7 ! '7Xx'T : -i' A*;i-&<!:\ &£>*$>3 

^XVf'f^^KStSffiffltfS. 17 11 DCy7XVT-f^7 f Kgl4 1 ©— ■^©•feJl/SBS^Lfct)© 
■Cfc*. t^tt. Sl^77«42, S2©^7X«4 3, ieJL±©HS«4 4. 1£U:©»«4 5, SB 1 , 2 , 
^3R^ffiSfi£»©m4©«7t^^8^^»^7 , e#:S4 6, A*g-^-'J7*4 7 afctfKj*#*ffilB! 4 8 ACT 1 ? 
Xvf^7"H gfiTtt, BtSt^^^W4 8£©HC3i»©^m#Ba t l£tt'3*l-5. &@4 5 Lfem 4 4 <t:©ffl 
K«EE&8HJirr*£. £W4 8rt©ft#X#fiftS©*$*tt» (VUV) £tt£UU St1£#J14 6£®jeLTafe 

[0 0 6 4] 

8. ftii7j& 
[0 0 6 5] 

!ifSL<(l a?Dtr^A&tfv>;#>£ K — ^UfctTD'J >BW h n >f^A£3fcfl£frSfc*J& 1 ©&3fc#©Kifi 

Etutmitm, u>»£. *ssfls*. s/assafi, 

©T'fc«fc^. »*l/<r»il#fWgW<fc£tt<tbTte. U>BE**^hn->f 1 '>A (SrHP0 4 ) . »V>^f> (M 
nC0 3 ) . SHfc^nbf^A (Eu 2 0 3 ) 'Rtf'J >&*Pg7 >^ A ( (NH 4 ) HPO4) t»**«*tf6n 

(nh 4) hpo 4 »*h ffSKii ^RK-r^mi©®7tfr i ; e^so^#aiiit©2%ji*j»T-mJa$n 

*Mfc^**»aPbTfe«tl». JRWt»*iB^«lS»3 0 0-8 0 0*C (ff*l/<»6 0 0t) ©^4>T"^1~ 

5«*IB»l**f*. #C mtltzB^^my'Uy Ft. ^T*5l0 0O~1 2 5 0t (»SL<ttl 0 0 0t) 
©BTC^Hat+TtefifcLT. &fifcS3tt(*:»Xttir-*£»*. »Sb<«, SSRtfO. 1 ~ 1 0 X©***>Sft* 

f?H^©*prtT-^f4#iams^<£4~ 1 omm (»*l<«8^ibi) jbsku ^»t*f©««£W^thi;»hsi 

[0 0 6 6] 
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#*l.<tt. S20#*LH (Ba, Sr, Ca) 2 S i O4 : Eu 2 +f ^©Si^ftH «T©Ig*'$tr. 

" tt, MA'U^A (BaC0 3 ) . R»7hn>f!)A (SrC0 3 ) . SmiDVU^h. (CaC0 3 ) . »fl;:x£ 

Dtf^A (Eu 2 0 3 ) WT^W. (Si0 2 *xH 2 0) tifimff ZtlZ. ffSKH, %.$Li&%W- 1 JU^ 0 0 . 
- 5~3^;i/SS*©C a F 2 fc£© 777?^ 1 2 0 0~ 1 4 0 0 tO^tf fig («A 

»6nfc^-f*1»»Rlfl*»UT|»*i:-rs. £©f&* 9 0 0-1 2 0 0 'C©a7C^Hm i fTT--;i,X 

liMIT, SB2©««»3tflE»Xtt^r-i'*»*. »SKH g*RC/0. 1 ~ 1 0 X©7K*a*&£*»H«© 

[0 0 6 7] 
[0 0 6 8] 

*3Rtf*4O»3tt<*:»4St3tt<t:»5|5t0TiS3llWCA^Rl«B"T?»0. *OiEWtt«i6*ffitt*ST?«C(r». BAMW 
SECAWC^SIl S. S h i o n o y a ASH, "Phosphor Handbook" (CRC Pr 
ess, 1987, 1999) 3 9 8 ~ 3 9 9 1 6 ~ 4 1 9 Hf~fB«$ ttTii <0 . ^©feStftsgtegffl JCJ; 

5T*«ai«)-»Sftt. »fflBAM£:jfc#©«ii#H;T?tt. RIAU^A. 7^5 

UfA) A»&fcSffl3E*»*:7>> Pi - *. #C ttl 2 0 0~ 1 4 0 0"COJl7C»H*4'TlS»J&*JB#«l*«lfifc 
LT, &JS»##»Xttfr-**»*. ^-*SBD*#TTW«&»LISajSLT i b«tV». iSfflSECAfM©S3 
igTjteTtt. Ki7,hD>f7A, *fl-hU>tXhD>m. ^ft* hP>^-7AR^fba'7Dt:>?A*^i& 

smfsw^s^u^H-r*. ^tc. »iooo~i2o oicwaTcSHa+TKW^fi^ftsjtosuT, mm.&yt 

[0 0 6 9] 

&tC, SB1. »2. ^3Smi*R!c^wm4(D^^*$^l/>h'X«7l^bT^^*7V>HXttii^#I ; £ 
[0 0 7 0] 

LfciiO, i^ft*#*:/U> K^LED^-yy±(Cl2ELTfc. ItAWH't'fclKiSES-erT'b, *^B->i;K03SiBl: 
[0 0 7 1 ] 

ItTt&lft* 7*U>KSLEDf7^XBJ'i;i' -5 «£r (C £:>£{*:f»* 7* U > H £ 5 * S8S% Sr ffl 

HTL ED^-y7°Xti->x;U*®S=i- »»J+»-»»L.fc*S^»JStt*J«»t LTt^^Tfe 
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[0 0 7 2] 
[0 0 7 3] 

HM^T5>7'Xliy7X7f-fX^Hfflf*iI&a- hm««tn. ±EolD, B»«tt»»J'f 

[0 0 7 4] 

9. 113 

[0 0 7 5] 

ttMSOIf— ^SBXttftKlJSUTXftd-S-^. — 3 7 0-4 0 5 nm©l6BrtKt;— ^«***XttJBfiiat* 

mm (ccxR^ccy) , fiiBS. CR I Rt^HisKlS^rTfSCDlg I I trStfeT^T. 
[0 0 7 6] 
[IS 2] 



gill 





(WT%) 


ccx 


ccy 




CRI 


(lm/W) 


380 mm 


SrP (57.5) 
BASI (21.5) 
SECA (21.0) 


.4011 


.3807 


3507 


70.5 


346.4 


390 mm 


SrP (61.4) 
BASI (19.4) 
SECA (19.2) 


.3995 


.3830 


3565 


70.7 


347.3 


405 mm 


SrP (73.7) 
BASI (12.1) 
SECA (14.2) 


.3899 


.3791 


3767 


72.3 


349.6 



[0 0 7 7] 

±B*Ttt, JWTOI&BSrffifflLfc. BASI=(Ba 0 . 65. Sr 0 . 2- Ca 0i i, Eu 0 . 05> 2 S i 
O4, SECA= (S r, Ba, Ca) 5 (PO4) 3CI :Eu2+, S r P = S r 2 P 2O7 : Eu 2+, Mn 

2+ o MSii, gfcoMc!: 6 8 3 1 m/WiOfl^LT^i^ni) 0 CdT\ 6 8 3 1 m/Wtt 5 5 5 n mTCO 
tf-^3ttflET*«. JSBOJttKtt. (IF (A) Y (A) dA) / (SF (A) cl A ) <SC*. F (A) te^X^ 
^h;PT«0, Y (A) ttBO!tftaft»T*4) tlt^i^n^o St I I H«tS S ft* ffl 0 , > KOftiftfitt 
3 5 0 7 K^b 3 7 6 7 KST«fcl, CRUi70. 5^b72. 3 ST* {fcU «SS£tt 3 4 6 . 4 i m/W^ 
b 3 4 9. 6 lm/WStatLtc Cft b oSJ«iSK^ U > K tt. ^t*<DfiH^ TtT»-CHR5E $ ft* S fi3t!S 
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[0 0 7 8] 

' »W«©t;-^«3t«fiCJSi;T^b$#fc. 3 7 0-4 0 5 nm©ttHrtKfc^*5S3fci£:SXttBS»ft 

6«rr«LEDlkjH*((C?^T». aiE*fi*«*^St*yU'>l 4 4 , 0«l, 8f 2 3 ©£##©«£*■*» U K 

• 4 ©£}£#©»«*& bit. 7*l/> h*©^, Ml:^U>h'OCIEfili (ccxRtfccy) , fi 

aft. cr i x.zf&&Bi&T&<D& i i nc*t»T*-r. 

CO 0 7 9] 
[*3] 





(WT%) 


ccx 


ccy 


(K) 


CRI 


(lm/VV) 


380 mm 


SrP (12.7) 
BASI (10.0) 
SECA (7.4) 
MgF (69.9) 


.4017 


.3835 


3519 ! 


93 


285 


390 mm 


SrP (17.6) 
BASI (11.8) 
SECA (9.0) 
MrF (61.6) 


.4065 


.3793 


3374 


93.5 


272.2 


405 mm 


SrP (41.5) 
BASI (14.2) 
SECA (12.8) 
MrF (31.5) 


.3967 


.3743 


3557 


91.3 


264.7 



[0 0 8 0] 

±B2SIT«, EHT©i&l§&teJBLfc. BASI=(Ba 0 . 65. Sr 0 . 2- C a 0 . 1 > Eu 0 . o 5> 2Si 
O4, SECA= (Sr, B a, Ca) 5 (PO4) 3CI :Eu2+, S r P = S r 2 P2O7 : Eu 2 +, Mn 

2 + > R^Mg F = 3. 5MgO*0. 5MgF2*Ge02 :Mn4+, I I IZ&lKZnzm <0 , 7*W> K© 
fiI«B3 3 7 4K^6 3 5 5 7 K$t^tU. CR I B9 1 . 3*^93. 5 ZX'^it U 2 6 4 . 7 1 

m/W*6 2 8 5 Im/WSftftLft. *I I I*>£>> ^4 0*fi5B3tt»3t#0*lH**C R I Clffti^S'bfc 
6r^ttt«6*»T**. dtl^> ©BiC R I :/U> Ri> 3 — Dy/"«fl!)HRWm«"CK**n*a63ttHBW*«ffltb 

[0 0 8 1] 

[hbomw&k?!] 
imi] 

C I EM@^t?'77T-$ 1 5. 
[02] 

IB 3] 

#§gl!3©f§ 1 ©$?£ L^§HS®fl^C{&-5L ED£ffl<^/i!89?2£B©taB&l^®|glT&5o 
[B4] 
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[05] 

#$69103! 1 Off £lb>£lt*ftfCfll« L E D*ffl^/tMW»HO«llft»rHHT»*. 
[06] 

' [0 7] 







1 


tUMW 


2 




3 




4 




5 




6 




7 




8 




9 




1 1 




1 3 


U-FH 


1 5 




1 7 




1 9 




2 1 




2 3 




2 5 




3 1 




3 3 




3 5 




3 7 




3 9 




4 1 




4 2 




4 3 




4 4 


mm 


4 5 


mm 


4 6 




4 7 




4 8 
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WHITE LIGHT EMITTING PHOSPHOR BLENDS 
FOR LED DEVICES 

BACKGROUND OF THE INVENTION 

This invention relates generally to a white light illumination system, 
and specifically to a ceramic phosphor blend for converting UV radiation 
emitted by a light emitting diode (*LBD") to white light 

White light emitting LEDs are used as a backlight in liquid crystal 
5 displays and as a replacement for small conventional lamps and fluorescent 
lamps. As discussed in chapter 10.4 of "The Blue Laser Diode* by S. 
Nakamura et aL, pages 216-221 (Springer 1997), incorporated herein by 
reference, white light LED* are fabricated by forming a ceramic phosphor 
layer on the output surface of a blue light emitting semiconductor LED. 

10 Conventionally, the blue LED is an InGaN single quantum well LED and the 
phosphor is a cerium, doped yttrium aluminum garnet ("YAGiCe"), 
YsAUOti-Ce^. The blue light emitted by the LED excites the phosphor, 
causing it to emit yellow light The Wee Hght emitted by the LED is 
transmitted through the phosphor and is mixed with the yeDow Hght emitted 

15 by the phosphor. The viewer perceives the mixture of blue and yellow light 
as white light 

However the blue LED - YAG:Ce phosphor white light Ulumination 
system surfers from the following disadvantages. The prior art blue LED - 
YAG.-Ce phosphor system produces white light with a high color temperature 
20 ranging from 6000K to 8000K, which is comparable to sunlight and a typical 
color rendering index (CRI) of about 70 to 75. m other words, the 
chroma ha ty or color coordinates of this system are located adjacent to the 
Black Body Locus ("BBL") between the color taxipexaturea of 6000K and 
S000K on the C3E crromatidty diagram illustrated in Figure 1. The color 
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temperature of this eystem can be reduced by increasing the phosphor 
thickness. However, the increased phosphor thickness decreases the system 
efficiency. 

While the blue LED - YAGO phosphor illumination system with a 
5 relatively high color temperature and a relatively tow CRI is acceptable to 
customers in the far east lighting markets, the customers in the North 
American markets generally prefer an Summation system with a lower color 
temperature, while the customers European markets generally pr efer an 
illumination system with a high CRI. For example, North American 
10 customers generally prefer systems with color temperatures between 3000K 
and 410GK, while European customers generally prefer systems with a CRI 
above 90. 

The chromattcity coordinates and the CUE dutmudictty diagram 
illustrated in Figure 1 are explained in detail in several text books, such as 

15 pages 98-107 of K. H Butler, "Fluorescent Lamp Phosphors" (The 
Pennsylvania State University Press I960) and pages 109-110 of G. Blasse « 
aL, ^Xnminescent Materials" {Sprmger-Veriag 1994), both incorporated herein 
by re feren ce. The chromatid. ty coordinates (i.e., color points) that lie along 
me BBL obey Planck's equation: E(X)-AV* / (eWT) . \} t where B is the 

20 emission intensity, X is the emission wavelength, T the color temperature of 
the black body and A and B are constants. Color coordinates that lie on or 
near the BBL yield pleasing white light to a human observer. CRI is a relative 
measurement of how the color rendition of an lUmnination system compares 
to that of a black body radiator. The CRI equals 100 if the color coordinates of 

25 a set of test colors being illuminated by the illumination system are the same 
as the coordinates of the same test colors being irradiated by the black body 
radiator. 
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Another disadvantage of the blue LED - YAGcCe phosphor system is 
that the LED color output (eg., spectral power distrlbntiort and peak, emission 
wavelength) varies with the hand gap width of the LED active layer and with 
die power applied to the LED. During production, a certain percentage of 
5 LKDs axe manufactured with active layers whose actual band gap width is 
larger or smaller than the desired width. Thus, the color output of such LEDs 
deviates from the desired parameters. Furtherrnore, even if the band gap of a 
particular LED has the desired width, during LCD operation the power 
applied to the LED frequently deviates from the desired value. This also 

10 causes the LED color output to deviate from the desired parameters. Since 
the light emitted by the system contains a blue component from the LED, if 
the color output of the LED deviates from the desired parameters, then the 
light output by the system deviates form the desired parameters as well A 
sig ni fi c ant deviation from die desired parameters may cause the color output 

15 of the system to appear non-white (ia, bluish or yellowish). 

Fmtheimore, the color output of the blue LED - YAGrCe phosphor 
- system varies gready due to frequent unavoidable, routine deviations from 
desired parameters (Le., manufacturing systematic variations) during the 
production of the LED lamp because the color output of this system is very 

20 sensitive to the thickness of the phosphor. If the phosphor is too thin, then 
more than a desired amount of the blue light emitted by the LED will 
penetrate through the phosphor, and the com b ine d LED - phosphor system 
light output will appear bluish because ft is d canmate d by the output of the 
Hue LED. In contrast, if the phosphor is too thick, then less than a desired 

25 amount of the blue LED light wiB penetrate through the truck YAGO 
phosphor layer. The combined LED - phosphor system will then appear 
yellowish, because ft is dtornmated by the yellow output of the YAGrCe 
phosphor. 

-3- 
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Therefore, the thickness of the phosphor is a critical variable affecting 
the color output of the prior art system. Unfortunately, it is difficult to 
control the precise thickness of the phosphor during large scale production of 
the blue LED - YACiCe phosphor system. Variations in phosphor thickness 
■ 5 often result in the system output being unsuitable for white light illumination 
applications, causing the color output of the system to appear non-white (Lc, 
bluish or yellowish), which leads to an unacceptably low blue LED - YAGiCe 
phosphor system manufacturing yield. 

The blue LED - YAGiGe phosphor system also suffers from the halo 
10 - effect due to the separation of blue and yellow light. The LED emits blue Hght 
in a directional fashion. However, the phosphor emits yellow light 
isotropkally (Lev hi all directions). Therefore, when the light output by the 
system Is viewed straight on (i-e^ directly at the LED emission), the light 
appears bluish-white. In contrast when tine light output is viewed at an 
15 angle, tine light appears yellowish due to the predominance of the yellow . 
phosphor emission. When the light output by such a system is directed onto 
a flat surface, it appears as a yellowish halo surrounding a bluish area. The 
present invention is directed to overcoming or at least reducing the problems 
set forth above. 

20 BRIEF SUMMARY OP THE INVENTION 

In accordance with one aspect of the present invention, there is 
provided a white light illumination system comprising a light emitting diode, 
a first luminescent material having a peak emission wavelength of about 575 
to about 620 nm, a second luminescent material having a peak emission 
25 wavelength of about 495 to about 550 run, which is different from the first 
luminescent material, and a third luminescent material having a peak 
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emission wavelength of about 420 to about 480 ran, which is different from 
the 6zat and second hzminescent materials. 

In accordance with another aspect of the present i nvention , there is 
provided a white light emitting phosphor blend comprising at least three 
5 phosphors, wherein the white, light emitted by the phosphor blend in 
response to incident radiation having a peak wavelength between 360 and 420 
nm comprises a color temperature between 3000K and 6500K, « CM above 70 
and an efficacy above 200 hn/W. 

In accordance with another aspect of the present invention, there is 
10 provided a white light illumination system, comprising: 
a radiation source; 

a first APOEu^vMn 2 * phosphor, where A comprises at least one of St, 
Ca, Boor Mg; 

a second phosphor selected from at least one ofc 
15 a) an AStOJBu?* phosphor, where A comprises at least one of Ba, 

Ca. Sr or Mg; 

b) an ADSK>Eu 2t phosphor, where A comprises at least one of Ba, 
Ca or Sr and D comprises at least one of Mg or Zrc or 

c) an AAlQBo** phosphor, where A comp r ises at least one of Ba, 
20 . SrorCa;and 

a third phosphor selected from at least one of: 

d) an AMgAlOJhi* phoaphor where A comprises at least one of 
Ba, Ca ox Sr, 

e) a DPOChEu 2 * phosphor where D comprises at least one of Sr. 
25 Ba,CaorMg; 

f) an EO*AlO:Eu** phosphor, where B comprises at least one of Ba, 
SrorCa; 
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g) an EA10:Eu** phosphor, where B comprises at least one of Ba, Sr . 
orCa; or 

h) GAIOEu** phosphor, where G comprises at least one of K, Li, 
NaorRb. 

5 In accordance with another aspect of the present invention, mere is 

provided a method of making a white light illumination system, comprising 
blending a first phosphor powder having a peak emission wavelength of 
about 579 to about 620 run, a second phosphor powder having a peak 
emission wavelength of about 495 to about 550 nm, and a third phosphor 
10 powder having a peak emission wavelength of about 420 to about 480 ran to 
form a phosphor powder mixture, and placing the phosphor powder mixture 
into the white ligjit illununatirin system adjacent a light etnhting diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an illustration of a CIE chromot-xity diagram. 

Figure 2 is schematic illustration of a white light Ulumination system 
15 according to one embodiment of the present invention. 

Figures 3-5 are cross-sectional schematic views of unrmmation systems 
using an LED according to the first preferred embodiment of the present 



Figure 6 is a cross-sectional schematic view of an Umminatkm system 
20 using a fluorescent lamp according to the second preferred embodiment of 
the present invention. 



-6- 



(31) 



WO 01*9001 PCI7USCI/156S4 

Figure 7 is a cress-sectional schematic view of en iDuminfltion system 
using a plasma display according to the third preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In view of the problems in the prior ait it is desirable to obtain a white 
light illumination system whose color output is less sensitive to variations 
during system operation and manufacturing process* such as due to 
variations in the LED power, the width of the LED active layer band gap and 
the thickness of the Luminescent material The present inventors have 
discovered that a color output of the radiation source - hurunescent material 
system is less sensitive to these variations if the color output of the system 
does not include significant visible radiation emitted by the radiation source, 
such as an LED. m this case, the color output of the system does not vary 
significantly with the LED power, band gap width and the luminescent 
material thickness. The term luminescent material preferably comprises a 
phosphor in loose or packed powder form. 

The color output of the system does not vary significantly with the 
thickness of the luminescent material if the white light emitted by the system 
lacks any significant visible component emitted by the radiation source, such 
as the LED. Therefore, the amount of transmission of the LED radiation 
through the luminescent material, such as "a phosphor, does not affect the 
color output of the system. This can be achieved in at least two ways. 

One way to avoid affecting the color output of the system is by using a 
radiation. source that emits radiation in a wavelength that is not visible to the 
human eye. For example, an LED may be constructed to emit ultraviolet (UV) 
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radiation having a wavelength of 380 nrrl or less that is not visible to the 
human eye. Furthermore, the human eye is not very sensitive to UV radiation 
having a wavelength between 380 and 400 run and to violet light having a 
wavelength between 400 and 420 run. Therefore, the radiation emitted by the 
LED having a wavelength of 420 run or less would not substantially affect the 
color output of the LED - phosphor system irrespective of whether the 
emitted LED radiation is transmitted through the phosphor or not, because 
radiation having a wavelength of about 420 run or less is not significantly 
visible to a human eye. 

The second way to avoid affecting; the color output of the system is by 
using a thick luminescent material which does not allow the radiation from 
the radiation source to pass through it For example, if the LED emits visible 
light between 420 and 650- nm, then in order to ensure that the phosphor 
thickness does not affect the color output of the system, the phosphor should 
be thick enough to prevent any significant amount of visible light emitted by 
the LED from penetrating through the phosphor. However, while this way to 
avoid affecting the color output of the system is possible, it is not preferred 
because it lowers the output efficiency of the system. 

In both cases described above, the color of the visible light emitted by 
the system ia solely dependent on the type of luminescent material used. 
Therefore, in order for the LED - phosphor system to emit white light, the 
phosphor should emit white light when it is irradiated by the LED radiation. 

Furthermore, by utilizing more than one phosphor the color properties 
of the white light may be varied to meet the desired color parameters. For 
example, by selecting certain phosphors in a certain ratio, the color 
temperature and the CRI of the white light or the efficacy of the system may 
be optimized. For example, phosphor ratios *nay be selected to obtain a white 
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light ilhmunatkm system with a color temperature of 3000K to 6500 K, a CRI 
of above 70 and an efficacy of above 300 lm/W, which is desirable in the 
North American markets. A color temperature of 4000 to 6500K is 
particularly desirable for a flashlight Alternatively, other phosphor ratios 
may be selected to obtain a white light illumination system with a color 
temperature of 3000K to 4100K, a CRI of above 90 and an efficacy of above 200 
lm/W, which is desirable in the European markets. 

The present inventors have discovered that a when a first orange 
e mitti ng phosphor having a peak emission wavelength between about 575 
and 620 ran, a second blue-green emitting phosphor having a peak emission 
wavelength between about 495 to about 550 ran, and a third bine emitting 
phosphor having a peak emission wavelength of about 420 to about 480 are 
used together, a human observer perceives their combined emission as white 
light Furthermore, in order to increase the CRI of the illuminntioa system, a 
fourth red emitting phosphor having a peak emission wavelength of about 
620 ran to about 670 nm may be optionally added. 

Figure 2 schematically illustrates the above principle- In Figure 2, a 
radiation source 1, such as an LED, emits radiation 2 incident on three 
luminescent materials layers 3, such as the above described first, second and 
tiiirdphosphara The radiation 2 may have a wavelength to which the human, 
eye is not sensitive, such as 420 nm and below. Alternatively, the phosphors 3 
may be too thick to allow sigrdficant radiation 2 to penetrate to the other side, 
After absorbing the incident radiation Z the first phosphor emits orange light 
4 having a peak emission wavelength between 575 and 620 run, the second 
phosphor emits blue-green light 5 having a peak emission wavelength 
between 495 and 550 ran, and the third phosphor emits blue light 6 having a 
peak emission wavelength between 420 and 480. If present the fourth 
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phosphor emits red light 7 having a peak emission wavelength between 620 
nm and 670 ran. The human observer 8 perceives the combination of the 
orange 4, blue-green 5, blue 6 and optionally red 7 light as white light 9. 
Figure 2 schematically illustrates that different color light 4, 5, 6, 7 emanates 
5 from discrete phosphor areas to illustrate the concept of color mixing. 
However, it should be understood mat light 4, 5, 6 and 7 may be emitted from 
the same area and/or from the entire phosphor if the individual phosphors 
are Wended together to form a single blended phosphor layer 3. 

Any hzminesoent materials, such as phosphors and scintillators may be 
10 used in combination with a radiation source to form the while light 
illumination system. Preferably, the taminesceni materials have a high 
quantum efficiency at a particular emission wavelength of the radiation 
source. Furthermore, each luminescent materi al is preferably transparent to 
the visibie light wavelength* emitted by the other Iurranescent materbaL 

15 1. The Radiation Source 

The radiation source 1 may comprise any radiation source capable of 
causing an emission from the phosphors. Preferably, the radiation source 1 
comprises an LED. However, the radiation source 1 may also comprise a gas, 
such as mercury in a fluorescent lamp or hig h pressure mercury vapor lamp, 
20 cor a noble gas, such as Ne, At and/ or Xe in a plasma display. 

For example, the radiation source 1 may comprise any LED which 
causes the phosphors 3 to emit radiation 9 which appears white to the human 
observer 8 when the radiation 2 emitted by the LED is directed onto the 
phosphors. Thus, the LED may comprise a semiconductor diode baaed on 
25 any suitable IXI-V, II-V1 or IV- IV serraconductor layers and having an emission 
wavelength of 360 to 420 nm For example, the LED may contain a* least one 
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semiconductor layer based on GaN, ZnSe or SiC sendcoiiductxxs. The LED 
may also contain one ox more quantum wells in the active region, if desired 
Preferably, the LED active region may comprise a p-n junction comprising 
GaN, AlGaN and/ or InGaN semiconductor layers. The p-n junction may be 
5 separated by a thin nndoped InGaN layer or by one or more InGaN quantum 
wells. The LED may have an emission wavelength between 360 and 420 nm, 
preferably between 370 and 405 nm, most preferably between 370 and 390 nm 
However, an LED with an emission wavelength above 420 nm may be used 
with a thick phosphor, whose thickness prevents the light emitted from the 
10 LED from penetrating through the phosphor. For example the LED may have 
the foJknving wavelengths: 370,375, 380, 390 or 405 ran 

The radiation source 1 of the white light iUurnination system has been 
described above as a semiconductor light emitting diode.. However, the 
radiation source of the present invention is not limited to a semiconductor 

13 light emitting diode. For example, the radiation source may comprise a laser 
diode ox an organic Hght emitting diode (OLED). The pr efer r ed white light 
nrummarion system described above contains a single radiation source 1. 
However, if desired, plural radiation sources may be used in the system in 
order to improve the emitted white Hght or to combine the emitted white 

20 Hght with a light of a cirffferent colarfs). For example, the white light emitting 
system may be used in cconbination with red, green and/or blue light 
emitting diodes tn a display device. 

2. The first Phosphor 

The first hmiinescent material may be any phosphor, which in 
25 response to the incident radiation 2 from the radiation source 1, emits visible 
light having a peak emission wavelength of about 575 to about 620 run. If the 
radiation source 1 comprises an LED having a peak enusskm wavelength 
-11- 
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between 360 and 420 run, then, the first phosphor may comprise any 
commercially available phosphor having the peak emission wavelength 
between 575 and 620 nm and a high relatively efficacy and quantum effioerty 
for incident radiation having a peak wavelength between 360 and 420 nra. 

5 Preferably, the first phosphor comprises APOEu^Mn 2 *, where A 

comprises at least one of Sr, Ca, Ba or Mg. Moat preferably, the first 
phosphor comprises a europium and manganese doped alkaline earth 
pyrophosphate phosphor/ AaPaOrEu^Mn** . The phosphor may be written, 
as (Ai^EuJvIny^ Pa Or, where 0 < x S OX and 0 < y *; 0.2. Preferably, A 

10 comprises strontium ions. This phosphor is preferred for an LED radiation 
source because it has a high efficacy and high quantum efficiency for incident 
radiation having a peak wavelength between 360 and 420 nm, such as that 
emitted by an LED. Alternatively, the first phosphor may comprise 
AsFzC&Eu** AIn 2 *, where A comprises at least one of Sr, Ca, Ba or Mg. 

15 In the Bo 2 * and Mr**- doped alkaline earth pyrophosphate phosphor, 

the Eu ions generally act as sensitizers and Mn tons generally act as activators. 
Thus, the Eu ions absorb the Incident energy (ic photons) emitted by the 
radiation source and transfer the absorbed energy to the Mn ions. The Mn 
ions are promoted to an excited state by the absorbed transferred energy and 

20 emit a breed radiation band having a peak wavelength that varies from about 
575 to 595 nm when the A ions comprise Sr ions. Alternatively, A may 
comprise 50 molar percent Sr Ions and 50 molar percent Mg ions, such that 
the APO-Exi^M*** phosphor comprises a SrMgF^Eu^Mn* phosphor 
which has a peak wavelength of about 615 ran. 

25 3. The Second Phosphor 
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The second luminescent materia] may be any phosphor, which in 
response to the incident radiation 2 from the radiation source 1, emits visible 
light having a peak emission wavelength of about 495 ran to about 550 ran. If 
the radiation source 1 comprises an LED having a peak emission wavelength 
between 360 and 420 run, then the second phosphor may comprise any 
commercially available phosphor having the peak emission wavelength 
between 495 and 550 nm and a high rdatrvery efficacy and quantum efikiency 
far incident radiation having a peak wavelength between 360 and 420 ran. 
For example, the following three Bu> activated alkaline earth silicate and 
alkaline earth ahiminate phosphors fit this criteria. 

One such phosphor is a divalent europium activated alkaline earth 
silicate phosphor, ASJOEu 1 *, where A comprises at least one of Ba, Ca, Sr or 
Mg. Preferably, , the ASiCXEu 2 * phosphor has the following composition: 
AaSCtefiu 2 *. where A preferably comprises at least 60% Ba, 30% or less Sr and 
10% or less Ca. If A comprises Ba or Ca, then the phosphor peak emission 
wavelength is about 505 ran. If A comprises Sr, men the phosphor peak 
emission wavelength is about 580 run.. Therefore, A most preferably 
comprises Ba tons or Ba ions with some Ca and/or Sr ions to obtain a desired 
peak wavelength. 

In the alkaline earth silicate phosphor, the europium activator 
substitutes on the alkaline earth lattice site, such that the phosphor may be 
written as: ((Ba^;Cah*Bu*)aSiOi, where 0 < x s 02 The alkaline earth 
silicate phosphor may also contain other impurities and dopants. For 
example, the phosphor may contain a small amount of fluorine incorporated 
during powder processing from a fluorine containing flux compound, such 
as Baft or EuFs- 
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Another divalent europium activated alkaline earth silicate phosphor, 
ADSKhEu 2 * where A comprises at least one of Ba, Ca or St and D comprises, 
at least one of Mg and Zn, is suitable as the second phosphor. Preferably, the 
ADSiOBu* phosphor has the following composition: AaDStzOr-Eu 2 ** The 
peak emission wavelength and the relative quantum efficiency of each 
isorrwrphous phosphor is illustrated in Table I below: 

Table I 
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Therefore, A most preferably comprises Ba ions and/or Be lorts with some Ca 
or Sr ions tn order to obtain the desired peak wavelength. 



En the alkaline earth silicate phosphor, the e m opium activator 
substitutes on the alkaline earth lattice site, such that the phosphor may be 
written as: (AiJBuOaDSfaO, where 0 < x S OZ The alkaline earth silicate 
phosphor may also contain other impurities and dopants. For example, the 
phosphor may contain a small amount of fluorine incorporated during 
powder processing from a fluorine containing flux compound, such as BaFa or 
EuFs. 

A divalent europium activated alkaline earth aJurxdnate phosphor, 
AAlO-JBu*-, where A comprises at least one of Ba, Sr or Ca is also suitable for 
use as the second phosphor. Preferably, the AAlOEu* phosphor has the 
following composition: AAbQi^u**, where A comprises at least 50% Sr, 
preferably at least 80% Sr and 20% or less Ba. If A comprises Ba, then the 
phosphor peak emission wavelength is about 505 run. If A comprises Sr, then 
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the phosphor peak emission wavelength is about 520 run. If A comprises Ca, 
then the phosphor peak emission wavelength is about 440 run. Therefore, A 
most preferably comprises Sr or 9r and Ba ions in order to obtain the desired 
peak wavelength. 

In the alkaline earth aluminate phosphor, the europium activator 
substitutes on the alkaline earth lattice sits, such that the phosphor may be 
written as: (Ai^Eu^AbO*. where 0 < x S 0.2. The alkaline earth aluminate 
phosphor may also contain other Impurities and dopants, such as fluorine 
incorporated from a flux. 

The europium activated alkaline earth silicate phosphors are described 
in detail in G. Blasse et aL, 'Fluorescaux afEit** Activate? SUtaOes" 23 Philips 
Res. Repts. 189-200 {1968), incorporated herein by reference. The europium 
activated alkaline earth alumina fees phosphors are described in detail in C 
Blasse et aL, "Fhtoresonwe of Em** Activated Alkaline-Earth Ahaninatcs" 23 
PrriTrps Res. Repts. 201.206 (1968), incorporated herein by reference. These 
references also illustrate the emission and excitation spectra of the above 
described phosphors. 

In one aspect of the present invention, the second phosphor may 
comprise a plurality of the silicate and ahirninare phosphors in order to 
optimize the color or other emission properties* if desired. For example, the 
second phosphor may comprise the following combinations: ASiO.En 2 * and 
ADStChEu**, ASiOrEu*- and AAK*Eu*, ADSxOEu* and AAIOrBu* 
ASiCfcEu* and ADSiCfcEu* and AAlOtEu 2 *. The above mentioned phosphors 
may be placed into the same xQurnination system as overfying layers or as a 
blend. 

4 - The Third Fhosohor 
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The third luminescent material may be any phosphor, which in 
response to the incident radiation 2 from the radiation source 1, emits visible 
light having a peak emission wavelength of about 420 ran to about 480 run. If 
the radiation source 1 comprises an LED having a peak emission wavelength 
5 between 360 and 420 run, then the third phosphor may comprise any 
commercially available phosphor having the peak emission wavelength 
between 420 and 480 nm and a high efficacy and quantum efficiency for 
incident radiation having a peak wavelength between 360 and 420 nm. For 
example, the following two commercially available Eu 2 * activated phosphors 
10 fit this criteria. 

One example of a third phosphor having a peak emission wavelength 
between 420 and 480 nm is the divalent e uropium activated halophosphate 
phosphor, DFOCLEu**, where D comprises at least one of Sr, Ba, Ca or Mg. 
The DPOCl:Bu 2t phosphor preferably comprises the c o mm ercially available 

LS "SECA" phosphor, DsfPOtJsCtEu 2 *. A small amount of phosphate may be 
replaced by a small amount of borate to Increase the emission intensity. The 
peak emission wavelength of this phosphor varies with the ratio of strontium 
to other alkaline earth tons. When D comprises only Sr ions, the peak 
emission wavelength is 447 nm. Substitution of the Sr kxns with Ba ions cause 

20 the peak emission to shift to a lower wavelength, whole substitution of the Sr 
ions with Ca ions cause the peak emission bo shift to a higher wavelength. For 
example, if the 0.5 moles out of the 5 moles of Sr ions are substituted with 0.5 
moles of Ca ions, men the peek emission shifts to. 452 nm. If 1 mole of Sr ions 
are substituted with 0.5 moles of Ca ions and 05 moles of Ba ions, then the 

23 peak emission shifts to 445 nm, Therefore, the preferred SBCA phosphor 
composition is (Sn^ Ba, Ca* )sJBu s , (FO»)*X where 0.01 £ xS D2,0SyS 
0.1 and OizS 0.1 and the preferred peak emission wavelength is 447-450 nm. 
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Another example of a third phosphor having a peak emission 
wavelength between 420 and 480 ran Is the divalent europium activated 
alkaline earth metal ahnninate phosphor, AMgAlOEu? 4 -, where A comprises 
at least one of Ba, Ca or Sr. The preferred alumina te phosphor may have 
various magnesium, aluminum and oxygen molar ratios and is commerdLally 
available under the name "BAM." For example, one preferred BAM 
phosphor may be written as AMgzAlisOarisu 3 *, where A preferably comprises 
at least 90% Ba ions. This phosphor has the following formula: (Bav 
«Eu*)Mg2AlieQ27, where 0 < x 2S 0.2, preferably x-0.07. Alternatively, BAM 
has the following molar ratios: BaMgAhcOiTt Eu 2 *. The BAM phosphor has 
an emission peak at about 450 ran due to the Eu 2 * acU v al m on die A lattice 
site. The emission peak shifts from 450 ran to a higher wavelength as the 
amount of barium ions substituted with strontium ions increases. 

Other examples of a thud phosphor having a peak euussuxn 
wavelength between 420 and 480 ran comprise divalent europium activated 
alnminats phosphors selected from an BCPAKXHu 2 * phosphor, an EAlOrBu 2 * 
phosphor and/ or a GAlOfu 3 * phosphor, where £ comprises at least one of 
Ba, & or Ca ions and G comprises at least one of K, li, Na or Rb ions. 
Preferably, E comprises Ba ions substituted with 0-10% of 5r or Ca ions and G 
comprises K substituted with 0-10% of Li, Na or Rb ions. Preferably, the 
EO*AK>Ba* .phosphor comprises z(BaO)*6Ah03^Eu^ or ztBaa- 
zBuJ&SAllOa, where Uz£l.8,andO<x£02 The BAlOBu^ phosphor 
preferably comprises BaAliaOi*Eu*» or (Bai^Eux)Ali20i? where CK x s 0.2. 
The GAlOJEu*- phosphor preferably comprises KAlnOn.or3u** or (Ka- 
«Eu 3( )AliiOnx7, where 0< x < 0.2. The EO*AK>, EAIO and GAIO phosphors are 
described in the following references, each incorporated herein by reference 
in their entirety: A. UN. Stevela and A.D.M. Schr ama-dc Fauw, Journal of the 
Hecuochenucal Society, 123 (1976) 691; JJMJ»J. Verstegen, Journal of the 
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Electrochemical Society, 121 (1974) 1623; and CR. Ronda and BJvCJ. Smete, 
Journal of the Electrochemical Society, 136 (1989) 570. 

In one aspect of the present invention, the third phosphor may 
comprise a blend of SECA, BAM and/ or one or more aluminete phosphors in 
order to optimize the color or other emission properties, if desired. 

5. The Optional, Fourth Phosphor 

The optional fourth luminescent material may be any phosphor, which 
in response to the incident radiation 2 from the radiation source 1, emits 
visible light having a peak emission wavelength of about 620 ran to about 670 
ran. This red emitting phosphor may be added to the first, second end third 
phosphors to improve the CRI of the white light emitted by the combination 
of phosphors. Since the CRI is a measure of how the test colors appear under 
illumination f r om the phosphor compared to -under ilhraunation from a black 
body, the white light emitted from phosphor will better approximate the 
white light from a black body if the phosphor emission comprises additional 
individual colors. If the radiation source 1 comprises an LED having a peak 
emission wavelength between 360 and 420 nm, then the second phosphor 
may comprise any commercially available phosphor having the peek 
emission wavelength between 620 and 670 run and a high efficacy and 
quantum efficiency for incident radiation having a peak wavelength between 
360 and 420 nm. For example, the Mrt** activated fhiorogexinanate phosphor 
fits this criteria. 

For example, the flnoroge r manate phosphor may comprise a 
magnesium flucrogexnumate phosphor, MgCTMgF*GeO: Mn**, preferably the 
cornmercially available 3-5MgO*0.5MgF2*GeOz: Mn** phosphor. This 
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phosphor emits a structured red luminescence band having ax peaks at room 
temperature between 623 and 664 turn. 

According to one preferred aspect of the present invention, the first 
second, third and optionally fourth phosphors are interspersed. Most 
preferably/ the phosphors ere blended together to form a uniform blend. The 
amount of each phosphor in the blend depends on the type of phosphor and 
the type of radiation source used. However, the first second, third and 
optionally fourth phosphors should be blended such that the combination of 
the emission 9 from the phosphors appears white to a human observer 8. 

Alternatively, the first second, third and optionally fourth phosphors 
may comprise discrete layers formed over the radiation source 1. However, 
the upper phosphor layers should be substaittially transparent to the 
radiation emitted by the lower phosphors. 

The composition of the phosphor powder blend may be optimized 
based on the number of phosphors used, the desired blend CRI and efficacy, 
me cornpoerion of the phosphors and the peak emission wavelength of the 
radiation source 1. For example, in order to decrease the color temperature 
of the phosphor blend for a constant excitation radiation wavelength, the ratio 
of bme to orange emitting phosphors may be decreased. In order to increase 
the CRT of* the phosphor blend, a fourth phosphor, such as a red emitting 
phosphor, may be added to the Wend. 

The phosphor blend of a first preferred aspect of the present invention 
preferably contains at least three phosphors, wherein the white light emitted 
by the phosphor blend in response to incident or excitation radiation having a 
peak wavelength between 360 and 420 ran comprises a color temperature 
-19- 
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between 3000K and 6500K, a CRI above 70 and an efficacy of above 200 
lm/W. More preferably, the blend efficacy is above 264 Im/W and the color 
temperature is between 3300K and 4100K. Most preferably the efficacy is 
above 340 lm/W. 

5 The preferred first second and third phosphors of the first preferred 

aspect of the invention comprise strontium pyrophosphate, alkali earth 
silicate and SECA, respectively. The composition of the blend of the first 
pr e fer r ed aspect comprises about 55 to about 75 weight percent 
SisftOnBu^Mh 2 *- phosphor, about XI to about 22 weight percent 
10 (BXSr,Ca)^O^Ett> phosphor and about 13 to about 22 weight percent 
(Sr / BVXMgMP04)3Ca:Bo> phosphor. 

The high CRI phosphor Mend according to a second prefeired aspect of 
the present invention preferably contains at least four phosphors, wherein the 
white light emitted by the phosphor blend in response to incident radiation 
15 having a peak wavelength between 360 and 420 run comprises a color 
tempera hire between 3000K and 4I00K a CRI above 90 and an efficacy above 
200 Im/W. More preferably, the Hand efficacy is above 264 kn/W and the 
color temperature is between 3300K and 3800K. 

The preferred first, second, third and fourth phosphors of the second 
20 preferred aspect of the invention comprise strontium pyrophosphate/ alkali 
earth silicate; SECA, and magnesium fluorogermanats, respectively. The 
composition of the blend of -fee second preferred aspect comprises about 11 to 
about 43 weight percent SraPzOr-Eu^^fn 2 *- phosphor, about 9 to about 15 
weight percent (Ba£r,Ca)£K)*:Eu l * phosphor, about 6 to about 14 weight 
25 percent <Sr,Ba,Ca,Mg)<POi)3aaa*»* phosphor, and about 30 to about 71 
weight percent 3.5MgOTX5MgF2*GeOz; Mrx** phosphor. 
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However, other phosphors having: the desired peak emission 
wavelengths may be used instead of or in addition to the phosphors described 
above. For example, for radiation sources other than LEDs, phosphors that 
have a high efficacy and high quantum efficiency fas- incident radiation 
5 having a peak wavelength of 254 run and 147 run, may be used for fluorescent 
lamp and plasma display applications, respectively. The mercury gas 
emission in a fluorescent lamp has a peak emission wavelength of 254 ran and 
Xe plasma discharge in a plasma display has a peak emission wavelength of 
147 ran. 

10 7. The Hlumirvatkrri System 

According to the first preferred embodiment of the present invention, 
the first, second, third and optionally fourth phosphor powders are placed 
into a white light mununation system containing an LED radiation source. 
The white light iHuminatiton system may have various different atru i tmes . 

15 The first preferred stru c tur e is schematically illustrated in Figure 3. The 

Qluminatkxi system includes a light emitting diode chip 11 and leads 13 
electrically attached to the LED chip. The leads 13 may comprise thin wires 
supported by a thicker lead frames) 15 or the leads may comprise self 
supported electrodes and the lead frame may be omitted. The leads 13 

20 provide current to the LED chip 11 and thus cause the LED chip 11 to emit 
radiation, 

The LED chip 11 is encapsulated within a shell 17 which 
encloses the LED chip and an encapsulant material 19. Preferably, the 
encapeulant comprises a UV resistant epoxy. The shell 17 may be, for 
25 example, glass or plastic The encapsulant material may be, for example, an 

-21- 



(46) 



WOQLB9001 PCT7DS0I/1S654 

epoxy or a polymer material, such as silicone- However, a separate shell 17 
may be omitted and the outer surface of the encapsulant material 19 may 
comprise the shell 17. The LED chip 11 may be supported, for example, by the 
lead frame IS, by the self supporting dectrodes, the bottom erf the shell 17 or 
by a pedestal mounted to the shell or to the lead frame. 

The first preferred structure of the mummarjon system includes 
a phosphor layer 21 comprising me first, second, third and optionally fourth 
phosphors. The phosphor layer 21 may be formed over or directly on the 
light exnitnng surface of the LED chip 11 by coating and drying a suspension 
containing the first, second, third and optionally fourth phosphor powders 
over the LED chip 11. After drying, the phosphor powders form a solid 
phosphor layer or coating 21- Both the shell 17 and the encapsulant 19 should 
be transparent to allow white light 23 to be transmitted through those 
elements. The phosphor emits white light 23 which comprises the orange, 
blue-green, blue and optionally red light emitted by the first second, third 
and optionally fourth phosphors, respectively. 

Figure 4 illustrates a second preferred structure of the system 
according to the first preferred embodiment of the present invention. The 
structure of Figure 4 is the same as that of Figure 3, except that the phosphor 
powders are mterspersed within the encapsulant material 19, instead of being, 
formed over the LED chip 11. The first phosphor powders may be 
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interspersed within a single region of the eficapaulant material 19 or 
throughout the entire volume of the encapsulant material The phosphor 
powders are interspersed within the encapsulant material, for example, by 
adding the powders to a polymer precursor, and then curing the polymer 
precursor to solidify the polymer material. Alternatively, the phosphor 
powders may be mixed in with the epoxy encapsulant Other phosphor 
interspersion methods may also be used. The phosphor powders may be 
premixed prior to adding a mix of these powders to the encapsulant material 
19 or the phosphor powders may be added to the encapsulant material 19 
sep arate ly. Alternatively, a solid phosphor layer 23 comprising the first 
second, third and optionally fourth phosphors may be inserted into the 
encapsulant material 19 if desired. In this structure, the phosphor layer 21 
absorbs the radiation 25 emitted by the LED and in response, emits white 
light 23. 

Figure 5 illustrates a third preferred structure of the system 
according to the first preferred embodiment of the present mventian. The 
structure of Figure 5 is the same as that of Figure 3, except that the phosphor 
layer 21 containing the first, second, third and optionally fourth phosphors is 
formed on the shell 17, instead of being farmed over the LED chip 11. The 
phosphor layer 21 is preferably formed on the inside surface of the sheQ 17, 
although the phosphor layer 21 may be formed on the outside surface of the 
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shell if desired. The phosphor layer 21 may be coated on the entire surface of 
the shell or only a top portion of the surface of the sheO 17. 

Of coarse, the embodiments of Figures 3-5 may be combined and the 
phosphor may be located in any two or all three locations or In any other 
suitable location, such as separately from the shell or Integrated into the LED. 

According to the second preferred embodiment of the present 
invention, the first; second, third and optionally fourth powders are placed 
into a white light illumination system containing a fluorescein lamp radiation 
source. A portio n of a fluorescent lamp is schematically illustrated in Figure 
6. The lamp 31 contains a phosphor coating 35 comprising the first; second, 
third and optionally fourth phosphors on a surface of the lamp' cover 33, 
. preferably the inner surface. The fluorescent lamp 31 also preferably contains 
a lamp base 37 and a cathode 39. The lamp cover 33 encloses a gas, such as 
mercury, which emits UV radiation in response to a voltage applied to the 
cathode 39. 

According to the third preferred embodiment of the pr esen t invention, 
the first second, third and optionally fourth phosphor powders are placed 
into a white light illumination system containing a plasma display device. 
Any plasma display device, such as an AC or a DC plasma display panel may 
be used, such as the devices described on pages 623-639 of the Phosphor 
Handbook, Edited by & Shtonoya and W\M. Yen, CRC Press, (1987, 1999), 
incorporated herein by reference. Figure 7 schematically illustrates one 'cell of. 
a DC plasma display device 41. The cell contains a first glass plate 4Z a 
second glass plate 43, at least one cathode 44, at least one anode 45, a 
phosphor layer 46 comprising the first, second, third and optionally fourth 
phosphors, barrier ribs 47 and a noble gas space 48. In an AC plasma display 
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device, an extra dielectric layer is added between the cathode and the gas 
space 48. An application of a voltage between the anode 45 and the cathode 
44 causes the noble gas in space 48 to emit short wavelength vacuum, 
ultraviolet radiation (VUV), which excites the phosphor layer 46 causing it to 
emit white light 

8. The Processing Method 

The individual phosphors may be made, far example, by any 
ceramic powder method, such as a wet chemical method or a solid state 
method. 

Preferably, the method of making the first phosphor comprising 
europium and manganese doped strontium pyrophosphate phosphor 
comprises the following steps. First, the starting compounds of the first 
phosphor material are manually blended or mixed in a crucible or 
mechanically Wended or mixed in another suitable cxnuainer, such as a ball 
mill, to form a starting powder mixture. Hie stalling compounds may 
comprise any oxide* phosphate/ hydroxide, oxalate, carbonate and/ or nitrate 
starting phosphor compound. Hie preferred starting phosphor compounds 
comprise strontium hydrogen phosphate, &HFO4, manganese carbonate 
MnOOa, europium oxide, BuzCfe, and ammonium hydrogen phosphate 
(NHOHFO* powders. The (NH^HPO* powder is preferably added in an 
amount comprising 2% in excess of the stoichiometric ratio per mole of the 
first phosphor produced, A small excess of the Sc compound may also be 
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added if desired. Calcium, barium and magnesium starting compounds may 
also be added if it is desired to substitute some or all of the strontium with 
calcium, barium and/ or magnesium. The starting powder mixture is then 
heated in air at about 300 to BOO °C for about 1-5 hours, preferably at 600 °C 
The resulting powder is then re-blended and subsequently fired in a reducing 
atmoapheie at about 1000 to 1250 °C, preferably 1000 °C to fonn a calcined 
phosphor body or cake. Preferably the starting powder xrrrxture is calcined in 
a furnace in an atmosphere comprising nitrogen and 0.1 to 10% hydrogen for 
four to ten hours, preferably eight hours, and subsequently cooled in the same 
atmosphere by turning off the furnace. 

Preferably, the method of making the second preferred 
(Ba^r,Ca)25iQi£u** phosphor corrrpjrises the following steps. First the 
starting compounds of the phosphor are manually blended or mixed in a 
crucible or mechanically blended or mixed in another suitable container, such 
as a ball miTI, to form a starting powder mixture. The starting compounds 
may comprise any oxide, hydroxide, oxalate, carbonate and/ or nitrate 
starting phosphor cornpound. The t^referred starting r>hcephor compounds 
comprise barium carbonate BaOQj, strontium carbonate SrOQj, calcium 
carbonate CaCOs, eu ropium oxide, EnaOfc, and silicic acid, SiCVxHzO. 
Preferably, a flux, such as Cafe is added to the starting materials in an amount 
of 0.5 to 3 mote percent per mole of the phosphor produced. Hie starting 
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powder mixture is then fired a first time in a carbon containing atmosphere, 
such as in a charcoal containing atmosphere at 1200 to 1400 «C for 5 to 7 hours 
to form a first cakmrd phosphor body or cake The resultant cake is then 
ground and milled to a powder. This powder is then annealed or fired a 
5 second time in a reducing atmosphere at about 900 to 1200 °C to form a 

6econd calcined phosphor body or cake. Preferably the powder is annealed in 
a furnace in an atmosphere comprising nitrogen and 0,1 to 10% hydrogen for 
two to six hours. 

The solid calcined phosphor bodies may be converted to a first 
10 phosphor powder in order to easily coat the phoephor powder on a portion of 
the white light illumination system. The solid phosphor body may be 
converted to the first phosphor powder by any crushing, milling or 
pulverizing method, such as wet milling, dry m illr n^ Jet nuTUng or crushing. 
Preferably, the solid body is wet milled in propanoic methanol and/ or water, 
15 and subsequently dried. 

The third and fourth phosphors are cosnmeroally available as 
phosphor powders and thus, their exact method of rruuuifarture Is not 
significant The synthesis of BAM and SECA phosphors is described on 
pages 39^399 and 416-419 of S. Shdonoya et si, Phosphor Handbook, CRC Press 

20 {1987, 1999), incorporated herein by reference. In general, a method of making 
a commercial BAM phosphor involves blending starting materials comprising 
Harrnm carbonate, magnesium carbonate, alumina or aluminum, hydroxide, 
europium oxide and optionally a flux, audi as aluminum fluoride or barium 
chloride. The starting powder mixture is then fired in a reducing atmosphere 

25 at about 1200 to 1400 °C to form a calcined phosphor body or cake. The cake 
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may be regrourid and refined under the came conditions. A method of 
making a commercial SECA phosphor involves blending starting materials 
comprising strontium carbonate, strontium orthophosphate, strontium 
chloride and europium oxide. The starting powder mixture is then fired in a 
5 reducing atmosphere at about 1000 to 1200 °C to form a calcined phosphor 
body or cake. The cake is then ground into a phosphor powder. 

The first second, third and optionally fourth phosphor powders are 
then blended or mixed together to form a phosphor powder blend ox mix lure. 
The powders may be manually blended in a crucible or mechanically blended 
10 In another suitable container, such as a ball milL Of course, the phosphor 
powder blend may contain more than four powders* if desired. Alternatively, 
the bodies may be pulverized and blended together. 

The phosphor powder bknd is then placed into the white light 
illumination system. For example, the phosphor powder blend may be placed 
15 over the LED chip, interspersed into the encapsulant material or coated onto 
the surface of the shefl, as described above with respect to the first preferred 
embodiment of the present invention. 

If the phosphor powder blend is coated onto the LED chip or the shell, 
then preferably, a suspension of the phosphor powder blend and a liquid is 

20 used to coat the LED chip or the shell surface. The suspension may also 
optionally contain a binder in a solvent. Preferably, the binder comprises an 
organic material, such as rutrocelluloee or emykeihilose, in a solvent such as 
butyl acetate or xylol. The binder enhances the adhesion of the powder 
particles to each other and to the LED or the shell. However, the binder may 

25 be omitted to simplify processing, if desired After coating, the suspension is 
dried and may be heated to evaporate the binder. The phosphor powder 
blend acts as the phosphor layer 21 after drying the solvent 
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If the phoephor blend is to be interspersed within the encapsulant 
material 19, then the phosphor Wend may be added to a polymer precursor, 
and men the polymer precursor may be cured to solidify the polymer 
material. Alternatively, the phosphor blend may. be mixed in with the epoxy 
5 encapsulant Other phosphor inrerepersion methods may also be used. 

If the phosphor blend is placed into a fluorescent lamp or a plasma 
display, men a suspension of the phosphor powder blend and a liquid is used 
to coat the lamp or plasma display interior surface. The suspension may also 
optionally contain a binder in a solvent as described above 

10 9. Specific Examples 

The following examples are merely illustrative; and should not be 
construed to be any sort of limitation on die scope of the claimed invention. 

Bxamplel 

Three blends of three phosphors were prepared by the above 
mentioned process. The blend composition was varied based on the peak 
emission wavelength of the radiation source to be used with the Hend. In 
general, for LED radiation sources having a peak emission or excitation 
wavelength between 370 and 405 ran, the amount of the first orange emitting 
phosphor in the blend increased while the amount of me second blue-green 
and third blue emitting phosphors decreased with : increasing excitation 
wavelength. The excitation wavelength, the blend composition, the CIE color 
coordinates (ccx and ccy), the color temperature, the CPU and the efficacy of 
the blend are summarized in Table II, below. 
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Table II 



EXCTTA 
TIONX 


PHOSPHOR 
BLEND 
(WT%> 


ccx 


ccy 


Color 
T(K) 


CRI 


Efficacy 

(im/w) 


380 mm 


SrP(573) 
BASI (21.5) 
SECA(21.0) 


.4011 


3807 


3507 


70.5 


346 4 


390rran 


SrP(61.4) 
BASI (19.4) 
SECA(19.2) 


5995 


3830 


3566 


70.7 


3473 


405 mm 


ScP(73.7) 
BASH (12.1) 
SBCA (142) 


5899 


3791 


3767 


723 


349.6 



In the above table, the following abbreviations were used: BASI «=» 
(Baafia^ittiCaaiEuotB^SiOt; SBCA = (&,Ba,C^)s(P04)sCkBu»; SrP - 
SaPaOr^a^Mrf*. Efficacy is defined as the product of the system luminosity 
times 683 lm/W, where 683 1m/ W is the peak luminosity «t 555 run. System 
luminosity is defined as ( / F(X) Y(X) dX) / ( J F(X) dX), where F(X) is the 
emission spectrum and Y(X) is the eye sensitivity curve. As illustrated tn 
Table U, the color temperature of the blends varied from 3507 to 3767 K, the 
CRI varied from 705 to 7Z3 and the efficacy varied from 346,4 to 349.6 lm/W. 
These high efficacy Mends are p referred foi the white light EDnrrunation 
systems sold in the North American lighting market 

Example 2 

Three blends of four phosphors were prepared by the above 
mentioned process. The blend composition was varied based an the peak 
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emission wavelength of the radiation source to be used with the blend. In 
general, for LEO radiation sources having a peak emission or excitation 
wavelength between 370 and 405 nm, the amount of the first; second and 
third phosphors in the blend increased while the amount of the fourth 
phosphor decreased, with increasing excitation wavelength. The excitation 
wavelength, the blend composition, the OB color coordinates (ocx and ccy), 
the color temperature, the CRJ and the efficacy of the blend are summarized 
in Table m, below. 



Table m 



HXC1TA 
TIONX 


PHOSPHOR 
BLEND 
(WT%) 


ccx 


ccy 


Color 
T(K) 


CHI 


Efficacy 
(ImAV) 


380 mm 


SrP (12.7) 
BAS(10XI) 
SECA (7.4) 


.4017 


"3835 


3519 


93 


285 


390 mm 


SrP (17.6) 
BASI pii) 
SECA (9.0) 
MrF(61.6) 


.4065 


3799 


3374 


933 


2712 


405 mm 


SrP (415) 
BASI (142) 
SECA (12.8) 


5967 


3743 


3557 


913 


264.7 



In me above table, the following abbreviations were used: BASI - 
(Bac^a^niiCaaiEaacsheiO*; SECA - (Sr3a^Ca)ii(P04)sa^u^ SrP - 
SraPzOriu^Mn 2 * and MgF - 35MgO*0JMgF 2 'GeO2tMn <+ . As illustrated in 
Table III the color temperature of the blends varied from 3374 to 3557 K, the 
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CRI varied from 913 to 93.5 and the efficacy varied from 264.7 to 285 Un/W. 
From Table ni, it is apparent that the addition of the fourth red emitting 
phosphor results in a significant CRI increase. These high CRI blends are 
preferred for the white light lihurdnation systems sold in the European 
5 lighting market. 

The preferred embodiments have been set forth herein for me purpose 
of iHuatratkrru However, this description should not be deemed to be a 
limitation on the scope of the invention. Accordingly, various mod^icatiorts, 
adaptations, and alternatives may occur to one skilled in the art without 
10 departing from the spirit and scope of the claimed inventive concept. 
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WHAT IS CLAIMED IS: 

1. A blue-green fllumuatkm system, comprising: 
a tight emitting diode (11); sod 

ai least odc hiT«ii«MTit material (21) haying at least two peak, emission 
wavelengths, wherein the emission CEB color coordinates of the at least two peak 
emission wavelengths are located within an'area of a pentagon on a CJE 
cbromanciiy diagram, whose corners have the following CUE color coordinates: 

e) x-0.0137 and y =0.4831; 

b) x=0.2240andy«0.3890; 

c) x =0.2800 and y =0.4500; 

g) x -0.2879 and y«0.5196; and 

h) x -0.0108 and y -0.7220. 

2. The system of chum 1. wherein; 

the light emitted by the system lacks any significant risible component 
cam'rtted by the tight emitting diode (11). 

3. The system of claim 2, wherein the tight emitting diode (1 1) peak emission 
wavelength is between 360 and 420 mm and 

4. The system of claim 3, lvherein the tight emitting diode (11) contains an 
InGaN active layer having a peak emission wavelength between 370 and 405 nm. 

5. The system of claim 4. wherein the htminescei* material (21) emission CEB 
color coordinates are x=0.1 ± 0.05 and y=0.52 ± 0.05. 

6. Tte system of claim 1 , wherehi the emission CUE color coordinates of the at 
least one luminescent material are located within an area of a quadrilateral onaCIE 
chromatkity diagram, whose corners have the following COB color coordinates: 

a) x "=0.000 and y«*0.5O6; 
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b) 
<3) 



x =0.224 aod y*»0.389; 
x=0.280 and y =0.450; and 
x = 0.000 and y =0.730. 



7. The system of claim I. wherein the emission CUE color coordinates of the at 
least one hsoinescent material axe located within an area of a quadrilateral on a CLE 



e) x=0.0l37 and y =0.4831; 

f) x=0.2094 and y =0.3953; 

g) x=0.2879 and j =0.5196; and 

h) x =0.0108 and y =0.7220. 

8. The system of claim 1. wherein: 

die at least one luminescent material (21) comprises a single 
AMgAlChB^* JMn 3 * phosphor; and 

A comprises at least one of Ba, CaorSr. 

9. The system of claim 8, whereia: 

{he AMgAl&Btr^pMir" phosphor comprises an AMg J Al ai5 0 T ,:Eii 3+ ^rfn 3f 
phosphor; and 

A comprises at least 90% Ba. 

10. The system of claim 9, wherein: 

the AMgiAl w O J ,:Eii J \ Ms 34 phosphor coenprises a B*^u,Mfa. 
yMn^ALjtOH phosphor, 
0 < x £ 0.2; and 
0.05 4 y £ 0.5 

11. The system of claim 1, wherein: 



chromaticity diagram, whose corners have the following 



coordinates: 
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the at least one luminescent material (21) comprises a single phosphor 
selected from: 

i) an EO*AK>:Eu a * ,Mn ,+ pbosphor, where E comprises at least one of 
Ba, Sr or Ca; 

5 ii) an EA10:Eu l \Mn a+ pbosphor, where E comprises at least one of Ba, 

Sr or Ca; or 

in) a OAK):Eu a * T Mn I * phosphor, where G comprises at least one of K, 
U, Na or Rb. 

10 12. The system of claim 11, wherein: 

me EO*A10:£n 3 \Mn l * phosphor comprises xBaCT6Al 1 a,:Bu 1 »,Mn z *; 
the EA10:Eu*\Mnr 1+ phosphor comprises (Ba^F^JAI^Mi^O,^; 
the GAK>.Ett a *,Mn 1 '*' phosphor comprises (K 1<fl Bu^Alu. y Mn y 0 1> .*4*y. 

13. The system of claim 1 , wherein: 

the at (east ore luminescent material (21) comprises a first phosphor having 
a first peak emission wavelength below SOS nm and a second phosphor haying a 
second peas: emission wavelength above 505 nm. 

20 14. The system of claim 13 , wherein the first peak emission wavelength is in a 
range from 440 to 453 nm and the second peak emission wavelength is in a range 
from 510 xd 525 nm. 



15. The system of claim 14, wherein the first phosphor comprises at least one of: 
25 a) an AMgAIO:Eu** phosphor where A comprises al least one of Ba, Ca 

or Sr, 

b) a DPOCirEu 1 * pbosphor where D comprises at least one of Sr, Ba, 
Ca or Mg; 

c) an EO^AlOtBu 1 * pbosphor, where B comprises at least one of Ba, Sr 

30 orCa; 

-35- 



(60) 



WO 0LT89OO1 PCT/TJ50 1/15654 

' d) an £A10:Eu s * phosphor, where E comprises at least one of Ba, Sr or 
Ca; or 

c) a GAlOrEa 1 * phosphor, where G comprises at least one of K, LI, Ka 

or Rb. 

16. The rysieni of claim 15, wherein the second phosphor comprise* al least oat 

of: 

f) an AMgAJO.Eu 34 .Nfri 14 phosphor where A comprise* at feast one of 
Ba, Ca or Sr; 

g) an BQ*A10:Eu 2 ^ > Mo '* phosphor, where B ccrn pri aes at least oae of 
Ba, Sr or Ca, 

h) an EAlOrBu^^Mn 1 * phosphor, where E comprises at least one of Ba, 
Sr or Ca; or 

0 a GAlOrEu** Ms? + phosphor, where G comprises at feast one of K. 
Li, Na or Rb. 

17. The system of claim 15, wherein: 

the AMgAK):Bn 3+ phosphor comprises AMgjAl^Ojj: Eu 1 4 1 where A 
comprises at feast 90 % Ba; 

the DPOCl:Eu» + phosphor comprises (Sr^Cs.MgKPQ.XCkEu**; 

the AMgAraiBu^Mn 2 * phosphor comprises AMg J AJ t< 0 3 ,:Bn ,+ ^In 2 * , 
where A comprises at feast 90% Ba; 

me EO*A10:En 9+ phosphor comprises xBaO*6AljO,LEu 1+ ; 

me EAlOiEu 1 * phosphor comprises (Ba^JBaJAlcO^ and 

the GAlOiBa 1 * phosphor cornprises (K t .^n a )Al„0 llirF ; 

the BCAlOiEu 2 *,!^* phosphor comprises xBaO*6Al i 0 5 :Eu 1+ ,Mn I " f ; 

the BAK):Bu 3+ > Mh l+ phosphor comprises (Ba VK Ett a >Al ll5 Mn f O lW ij,; and 

the GAlOiE^JMta 1 * phosphor comprises CK^^u^Aljj^MnyO,,^^. 

18. The system of claim 17, wherein: 
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the AMgjAInOniBu 1 * phosphor comprises (B^^EuJM&Alj^, where 0 
<XS 0.2; 

the (Sr3a,C*.Mg)jCP04>jCi;Bu 1 *; phosphor comprises (Sr^ Ba, Ca, 'K^K 
(PO^Cl, where 0.01 <; 0.2, Oily £ 0.1and0£x£ 0.1. 

the AMgjAI^CVEtt** phosphor oonmrfces (Ba l .«EuJMg 2 . 7 Mn J Al*0 J7 , where 
0<x£0.2and0<yk 0.5; 

the aBaO+SAljCVBu 1 * phosphor comprises Ba^ 7i EAi OJl7 ^b^ :]i> Al i09 D„^ 

the (BajJSujAl^Mr^O^jj phosphor comprises 
{Ba a JEAi 0 , M )Al u yvI I j tM9 0 Jil p; and 

the (K^JEoJAIn^Mfl^Ojj phosphor comprises 

19. The system of claim 18, wherein: 

the first phosphor comprises (Bj^En^MgjAIjjQn, where 0 < x £ 0.2; and 
the second phosphor comprises (Ba^BuJM&^MryMjfOr,, where 0 < x < 
0.2 and 0 < y £ 0.5. 

20. The system of claim 19, wherein the at least one luminescent material (21) 
comprises the first phosphor and the second phosphor in a weight ratio of about 
30:70 to about 8:92. 

21. Tt* tystcm of claim 20, wherein the weigh: ratio of the first phosphor to the 
second phosphor i* about 18:82. 

22. The system of claim 21 , wherein: 

(he first phosphor and the second phosphor are interspersed; or 

the first phosphor and the second phosphor comprise discrete overlying 

layers. 
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23. The system erf claim 13, wherein at least one of the first phosphor ocr the 
second phosphor comprises a blend of at least two phosphors. 

24. The system of claim 1. further comprising: 

a shell (17) containing the tight emitting diode (11); 

an encapsulating material (19) between the shell (17) and the light emitting 
diode (11); w heron at least one hTminrsornt material comprises at least one 
phosphor, and 

a) the phosphor is coated over a surface of the light e mittin g diode (11); 

b) the phosphor is interspersed is the encapsulating material (19); or 

c) the phosphor is coated onto the shell (17). 



25. The system of claim 24. further comprising: 

a trafTk: signal housing (43) containing the bfcse-greea iUununatioa system 
(31); and 

a traffic light lens (45) in front of the bhie-green illumination system (51). 

26. The system of claim 1 , whciem radiation emitted from a Eu 1 * activator 
results in a first peak emission wavelength and radiation emitted from a Mr? + 
activator remits in a second peak emission wavelength. 

27. A traffic signal (41) cosnprising: 
a housing (43); 

at least one lens (45); 

a radiation source (1) having a peak emission wavelength of 420 nm and 
below; and 

at least one luminescent material (3) having at least two peak emission 
wavelengths, wherein the emission CEB color coordinates of the at least two peak 
emission wavelengths are located within an area of a quadrilateral an a CIE 
chroma tic ity diagram, whose corners have the following CIE color coordinates: 
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B) 

b) 



X' 



■0.000 and y -0.506; 
=0.224 and y=0.389; 



X' 



•0.280 and y«0.450; and 
tO.000 and y =0.730. 



5 



28. The traffic signal of claim 27, wherein the radiation source (1) comprises a 
light emitting diode (LI). 

29. Tic traffic signal of claim 28, wherein the emission CIE color coordinates of 
10 the at least two peak emission wavelengths are x<=0.1 ± 0.05 and y «0.52 ± 0.O5. 

30. The traffic signal of claim 29, wherein the at least one himmescent material 
(1) comprises a Wend of a (Ba, JBuJMgjAlj^On phosphor, where 0 < x S 0.2, and 
a (Ba,.^u 1 )Mg^ 7 Mii y Al M 0 7? phosphor, where 0 < x £ 0.2 and 0 < y S 0.5 in a 

15 weight ratio of about 30:70 to about 8:92. 

31. The traffic 6ignal of claim 30. wherein the weight ratio b about 18:82. 

32. A method of making a bhic-grcen light ilhiiniiatton system, comprising: 
20 blending a first phosphor powder having a first peak emission wavelength 

and a second phosphor powder having a second peak emission wavelength to form a 
phosphor powder mixture having emission CIE color coordinates located within an 
area of a pentagon on a CZE'cnrornabcity diagram, whose comers have the 
following dE color coordinates: 
25 e) x=0.0137 and y~0.4831; 



b) X =0.2240 and y =0.3890; 

C) X -0.2800 and y =0.4500; 

g) ■ x«0.2879 and y -0.5196; and 

h) x=0.0108 and y =0.7220; and 
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placing the phosphor powder mixture (3, 21) too die illumination system * 
adjacent a radiation source (1). 

33. The method of claim 32, wherein the radiation source (1) comprise* a light 
5 emitting diode (11). 

34. The method of claim 33. wherein; 

the light emitting diode (11) peak emission wavelength is between 370 and 
405 ran; and 

10 the phosphor powder mixture (21) emission CLE color cooidinalM are x=0. 1 

± 0.05 and y »0 .52 ± 0.05. 

35. The method of claim 34, wherein the step of blending comprises Mending a 
first phosphor powder selected from at least one of: 

15 a) a AMgAlOiEu 1 * phosphor where A comprises at least one of Ba, Ca 

or Sir; or 

b) a DPOCkEu 2 * phosphor where D comprises at least one of Sr, Ba, 
CaorMg; and 

a second phosphor powder selected from at lease one of. 
20 c) a AMgAiO:Rr \Mn J+ phosphor where A comprises at least one of 

Ba, Ca or Sr; 

d) an EaO*AK>:Eu z+ ,Mn ,+ phosphor, where E comprises al least one 
of Ba, Sr or Ca; 

e) an EAJO:Bu 3+ ,Mn** phosphor, where E comprises at least one of Ba, 
25 Sr or Ca; or 

t) a GA10:Eu J4 ,Mn" phosphor, where G comprises at least one of K, 
Li. NaorRb. 

36. The method of claim 35, wherein the step of blending the first phosphor 
30 powder and the second phosphor powder comprises blending (Ba<. 
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.BaOMgjAluOj,, where 0 < xSQ.2, and (^_^)Mg >/ Mn T Al l ^ z1 , where 0 < x 
5 0.2and0<y* 0.5 to a weight ratio of about 30:70 to about 8:92. 

37. The method of claim 36. wherein the weight ratio is about 18:82. 

38. The method of claim 33, further comprising: 

phefa g the light *tnfrfmg diode (11) into a shell (17); and 
filling the shell (17) with an encapsulating material (19). 

39. The method of claim 38, further comprising: 

a) coating a suspension of the phosphor powder mixture and a solvent 
over a surface of the light emitting diode (11) and drying the suspension: 

b) interspersing the p h os phor powder mixture (21) In the encaps ulatin g 
material (19); or 

c) coating a suspension of phosphor powder mixture and a solvent onto 
the shell (17) and drying the suspension. 

40. The method of claim 32, wherein the emission CUE color coordinates of the 
phosphor powder mixture (21) are located within an area of a quadrilateral on a CUE 
chromarkaty diagram, whose corners have the following CLE color coordinates: 

a) x =0.000 and y =0.506; 

b) x =0.224 and y =0.389; 

c) x =0.280 and y =0.450; and 

d) x*=0.000 and y =0.730. 

41. The method of claim 40, further comprising placing Che Urominatkm system 
01) into a traffic signal housing (43). 



-41- 



(66) 



WO rCT/DSO 1/15*54 

42. The method claim 32, wherein the emission CTB color coordinates of the 
phosphor powder mixture are located within an area of a quadrilateral on a CLE 
cimxiialkity diagram, whose comers have the following CIS color coordinates: 

e) x =0.0137 and y =0.4831; 

f) x =0.2094 and y =0.3953; 

g) x =0.2879 and y=0.5196; and 

h) x =0.0108 and y =0.7220. 



43. The method of claim 42, further comprising placing the illumination system 
e display. 
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9 ] 
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0] 
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Ba, Ca) 5 (PO4) 3CI : E u 2 lit #331 2 8|Bt©M#:^l/> h\ 

[tttfJg 3 2 ] 
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(5) 

cr i #9 o£±ii]&. mxm2 6mm<Dikftfrzfu> f. 

[fl*#JS3 3] 

3. 5MgO*0. 5MgF 2 *Ge02 : Mn 4+^b^S^4©m7t#:^$b(C^O, ||*JS3 2IS«©m7 , d#: 
7U> Ho 

3 4 ] 

mmmK&7l'> b* (2 1) *«. *<Jl l~i&4 3SS%CDS r 2 P207 : Eu 2+, Mn 2 +&yt#> *&9~*J1 
5S1;%CD (Ba, Sr, Ca) 2 S 1O4 : Eu2 *<J6~3$ 1 4li%© (Sr, Ba, Ca, Mg) 

5 (PO4) 3CI :Eu 2 +mtt#, R^3 0~*<J7 l£f%<D3. 5MgO*0. 5MgF2*Ge02 :M 

[M*fll3 5] 

ySK&ftft::/^ b* (3, 2 1) »12. 7 fi»%CD To r 2 P 2 O 7 : E u 2 +, M n 2 +3tft&, l 0 fi* 
%© (B a 0. 6 5 S r 0. 2 C a 0. 1 Eu 0. 0 5> 2Si O 4 &7. 4S4%<0 (Sr, B a, C a 

) 5 (PO4) 3 C1 :Eu2 RZ$m6 9 . 9fiS%<0 3. 5MgO*0. 5MgF 2 *Ge02 : Mn 

[Mt$fi 3 6 ] 

^K»7t#:yi/> P (.3, 2 1) *?J1 7. 6M&%<DS r 2P 2 0 7 :Eu2+, Mn2 *«J 1 1 . 8 

(B a 0. 65Sr 0 . 2Ca 0 . lEu 0 . 05) 2 S i 0 4 M#, *<j9fi*%<0 (S r , B a, C a 
) 5 (PO4) 3CI :Eu &.tf*U6 1. 6ll%©3. 5MgO* 0. 5MgF2*Ge0 2 : Mn 

mntm 3 7 ] 

aSS?tft:^l/> b* (3, 2 1) *54 1 . 5ffifi%©» r 2 P 2 0 7 : Eu 2+, Mn 2 + D14. 2 

mm%<D (Bao. 65Sro. 2 C a o. l Eu o. 05) 2Si 04!^, ® 1 2 . 8M;%CD (Sr, B a 
, Ca) 5 (PO4) 3CI : Eu2+f3tft, &tf*93 1. 5»gS6ro3. 5MgO*0. 5MgF 2 *Ge0 2 
:Mn4+MW^^^, 3 4 fE«CD»ft#:7V> F.. 

3 8 ] 

iScfcrU (l) 

|10APO:Eu2+, Mn2+^#: (jS*. ABSr, Ca, BaS^MgOliWittf) <h> 

a) AS i O : E u 2 (^t, AliBa, C a. S r RZSM g CD 1 «iy.Ji£"a tf) , 

b) ADS i O : Eu2+1M (5^ A«Ba. CaRtfS r©ll£|±m, DteM g&tfZ n CO 1 «£A± 

c) A A 1 O : E u 2 + (xt*, AteB a, S rRtfC a CO 1 S£(±£"g-ir) 

cd ia«±a» saws n*ss 2 

d) AM g A 1 O : Eu 2 (5£<K A«B a, C aStfS r CD 1 mSk±.&StS) . 

e) DPOC I : Eu2+TO + , DttS r, Ba. C a RtfM g CD 1 mU±&^tS) . Rtf 

f) EO*A10:Eu2 (^+. EBBa, S r S.Z>'C a CO 1 «JJ(±£^tf) 

g) EA 1 O : E u 2 +£3fcfl: (^tfi, EteB a. S r&tfCaOllEliSSO) . Rtf 

h) GA 1 O : Eu2+fM (5£tf>, GBK, L i . N a RC^'R b CD 1 «£t±££tr) 
CDiaJ^±30^il*?$n^m3COM3t#<t 

m#m 3 9 ] 

iESlOfW (A^x-yEuxMny) 2 P 2 r ° 7 + . AttSrtfeO, 
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ee) 

0<x^O. 2. 0<y^O. 2) frbt&K), o \2 

huSBAS i O : Eu2+fW (Ai_ x Eu x ) 2 S i 0 4tM (St*. ABBa, S rRtfCaW*. 0 

<x^0. 2) a>e>&o, 

suffiADS i O : Eu 2 (Ai- x Eu x ) 2 DS i 0 7 f3t* (iS4>, 0<xiO. 2) X 

fJgBAAl O : Eu2+SM* ! (Ai_ x Eu x ) 2 A 1 2 0 4 &7t& + , 0<x^0. 2) A»SfcO, 
BUlBAMgA 1 O : E U 2+f»t (A i _ x Eu x ) Mg 2 Al i 6 02 7 (55*, AttBam, O^x^ 
0. 2) 

fflfBDPOC 1 : Eu2+SW (Sr j-y-jBayCaz) 5-xEu x (PO4) 3 C1 0. 0 

l^xSO. 2, O^y^O. 1 , O^z^O. 1) friti*), 

HfrlBEO* A 1 O : E u 2 + z (B a i - x Eu io) 0*6A1 2 0 3 l^z^l. 8. O^x^ 

0. 2) 

SfllBE A 1 O : Eu 2 +fi3tfls*t (Bai- x Eu x ) Al 12O19 (5£<P, O^x^O. 2) Xtt 

MfBGA 1 O : Eu2+M#*5 (K 1 - x E u x ) A 1 1 1 O 1 1 . n 7 <5£*- OSxSO'. 2) 

3. 5MgO*0. 5Mg F 2 * Ge 0 2 : Mn 4 +fr'b&-5&4 & Kf^tf, 3 8 fB*c<£>&Bo 

iiSKJH9i8«j5«LED5>:/, &3fc5>>:/ (3 1) Xtt^5X7T-fX^K (4 1) 

ttttS (1) REDfy^ (1 1) . Xttffi3t7>:? r (3 1) fcKB^Xvr^X^H (4 1) l:ttns 
#*S£tr, i»*3S 3 9 SBttOSBo 
[»**4 1] 20 
D5 7 5-^6 2 0 nm©tf-^^3tiSfi€r*T ««1 4: . »4 9 5~#*J5 5 0 nmOtf-^ftiSS 

^Wr-5)^2com7 l 6#:^*i:. »4 2 0~*<J4 8 0 nm©tT-^*3ttjfifi*irT*»3©a[3l|e#f»*t*jE^L/T«[ 

[««4 2] 

3 6 0~4 2 0 nmO«Brti:K-fijtft*tt4AW»» (2, 2 5) »CJCSLT*3tt*^U> K (2 1)*»6* 
fcBSn.g>a&3fca<3 000~6500 K©MS> 7 0 £±[eI<5CR I K.tf2 0 0 1 m/W£±[e|.5*li®«£fcO=fc 
3 KffjfBfg 1 , »2fttfS3<DaWfc#©*£jMR"r*Xg£i:£^tr, 4 1 E*©#ffi. 

[«*#JK4 3] 30 
^b3S*?XS^, j$3 4 6 1 m/W£±|5|5«!g$3E£jifiSt"^< * 5~£j7 5fiS%GDS r. 2 P 2 07 :Eu2 
+ , Mn 2 £®&U #5 1 1 ~*5 2 2Mfi%CD (Ba, Sr, Ca) 2 Si0 4 :Eu2 +mft.fc&m 

KU Jj^&l 3~*5 2 21i%© (Sr, Ba, Ca, Mg) 5 (PO4) 3CI : E u 2 d 
4: £^tK flt$£ 4 2 !Btt<£>*r£„ 

[«*S4 4] 

meSKXSA*. »9 0£±[e]SCR I *)i/S-r^<. &1 1~»4 3ii%fflS r 2 P 2O7 : Eu 2+, Mn 2 
+ ^7t#:£jS#?U *5 9 — **l 1 5mm%V> (Ba, S r, C a) 2 S i O4 : Eu 2 + ^} l eft:£iIiR U *9 6~&J1 
4fi»%W (Sr, Ba, Ca, Mg) 5 (PO4) 3CI :Eu2 +&ft#:£&#?U *>0#J 3 0 ~& 7 1 MS% 
<D3. 5MgO*0. 5MgF2*Ge0 2 : Mn 4+M*^IW5ut5:ttf. «f)S42!ei»m 
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(7) 

Ctt*JB4 5] 13 o 14 

3 7 0~4 0 5 nm©^H^{"tf-i7^7 l d&fi^Wr-5^y'r^-K (11) *'Sx.)V (17) ft (C IBM T -5 IS 
»Att» (1 9) £->x;U (1 7) C3fi«T*Ifit. 

a) «3e#»*jB^t»at©jB»**«3t^-f^--H (11) <Z>^®t~f&*U BSStfcftjRS-frSIg. 

b) «3t#»*fi^* (2 1) S&Atttt (1 9) f fc*SE;*1**Ig. Xtt 

c) n3fc*M»*s£« t mm t^iss £ > x (17) tc*£*u »ja**ftj»s*4iii 



